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CHARACTERIZATION OF SOLIDS IN THE THREE MILE ISLAND UNIT 2 REACTOR 
DEFUELING WATER 

D. 0. Campbell 

ABSTKACT 

Because of t he  impact of poor water c l a r i t y  on defue l ing  opera t ions  
at  the  Three Mile I s l and  Unit 2 Nuclear Power S t a t i o n ,  a s tudy w a s  under- 
taken t o  c h a r a c t e r i z e  suspended p a r t i c u l a t e s  i n  t h e  r eac to r  defue l ing  
water, The examination included cascade f i l t r a t i o n  through Nuclepore 
f i l t e r s  of progress ive ly  smaller pore s i z e s ,  using th ree  water samples 
obtained a t  d i f f e r e n t  times and a f t e r  varying degrees of c l a r i f i c a t i o n .  
The s o l i d s  co l l ec t ed  on the  f i l t e r s  w e r e  examined with a scanning 
e l e c t r o n  microscope and analyzed with energy-d ispers ive  X-ray 
f luorescence.  

A wide v a r i e t y  of s o l i d s  was observed, and 26 elements were 
de tec ted .  These included a l l  the  materials expected from the  r eac to r  
system (uranium, zirconium, s i l v e r ,  cadmium, indium, i r o n ,  chromium, and 
n i c k e l ) ,  chemicals and z e o l i t e s  used t o  decontaminate the  water 
(aluminum, s i l i c o n ,  sodium), common impur i t i e s  (potassium, ch lo r ine ,  
s u l f u r ,  magnesium, calcium, and o t h e r s ) ,  as w e l l  as some unexpected 
metals {molybdenum, manganese, bromine, and l ead ) .  There w a s  a l so  evi-  
dence f o r  t he  presence of organic  material. A d ive r se  assortment of par- 
ticles with widely varying su r face  p r o p e r t i e s  w a s  found t o  be present .  

P a r t i c l e s  of a l l  types were found i n  each s i z e  range. However, t h e  
l a r g e r  ( > 5 - ~ m )  particles tended t o  contain predominantly l ighter-atomic-  
weight elements,  such as s i l i c o n ,  aluminum, and calcium, whereas the  
smaller (<2-~m) p a r t i c l e s  contained more core  deb r i s  and less of the  
l i g h t  elements. Ind iv idua l  core-debr i s  particles tended t o  have a s i n g l e  
major cons t i t uen t  (uranium, zirconium, stainless steel, o r  con t ro l  rod);  
however, t he  d i f f e r e n t  types of p a r t i c l e s  o f t e n  aggregated i n t o  c l u s t e r s .  
I n  add i t ion ,  s o l i d s  bel ieved t o  be organic  i n  o r i g i n  appeared t o  dominate 
the  smallest s i z e  range (-0.1 pm). As particles lodged over the  f i l t e r  
pore openings, decreasing t h e i r  e f f e c t i v e  s i z e ,  p rogress ive ly  smaller 
p a r t i c l e s  were c o l l e c t e d ;  consequently,  t he  smallest particles eventua l ly  
con t ro l l ed  the  flow through the  f i l t e r .  

S t a i n l e s s  steel f i l t e r  media from tests with r eac to r  water were a l s o  
examined, using a v a r i e t y  of su r face  a n a l y s i s  techniques.  Although few 
p a r t i c l e s  were observed on these  samples,  media t h a t  had been e f f e c t i v e l y  
plugged were coated wi th  a t h i n  su r face  f i lm  which appeared t o  block pore 
openings, S i m i l a r  media t h a t  had been "reclaimed" by soaking i n  hot 
b o r i c  ac id  s o l u t i o n  showed no evidence f o r  any f i lm.  Thus, t he  s h o r t  
f i l t e r  l i f e  could r e s u l t  from flow blockage by e i t h e r  small particles o r  
a fi lm. Although e f f o r t s  t o  cha rac t e r i ze  the  f i l m  were not d e f i n i t i v e ,  
they ind ica t ed  t h a t  t he  nature of t he  film changed from a pr imar i ly  orga- 
n i c  material in an e a r l y  sample ( p r i o r  t o  ex tens ive  water c l a r i f i c a t i o n  
ope ra t ions )  t o  a pr imar i ly  s i l i c e o u s  f i l m  ( a f t e r  water c l a r i t y  has been 
markedly improved by f i l t r a t i o n  and diatomaceous e a r t h  had been used 
ex tens ive ly ) ,  
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1. INTRODUCTION 

The maintenance of acceptab le  w a t e r  c l a r i t y  far e f f e c t i v e  de fue l ing  

a c t i v i t i e s  at the  Three M i l e  I s l and  Unit 2 (TMI-2) nuclear  power s t a t i o n  

has  presented s e r i o u s  problems. Although exce l l en t  c l a r i t y  had been 

achieved on a few occasions,  t h i s  had not gene ra l ly  been the  case 

fol lowing t h e  commencement of a c t i v e  defue l ing  a t  the  end of 1985 - 
e s p e c i a l l y  a f t e r  t h e  "core d r i l l ' *  opera t ion  which w a s  c a r r i e d  out  during 

t h e  summer of 1986. Water c l a r i t y  has been degraded by a v a r i e t y  of 

suspended s o l i d s  of d i v e r s e  o r ig in .  'In a d d i t i o n  t o  the  genera t ion  and 

d i s p e r s a l  of inorganic  p a r t i c u l a t e  material as a r e s u l t  of t he  mechanical 

de fue l ing ,  a b i o l o g i c a l  growth developed which a l s o  i n t e r f e r e d  with v i s i -  

b i l i t y .  The microorganisms have been con t ro l l ed  by the  a d d i t i o n  of 

hydrogen peroxide; however, t h e i r  growth p e r i o d i c a l l y  recurs .  

During the  l a t te r  ha l f  of 1986, the  impact of t he  water c l a r i t y  

problem became more apparent and several tasks were undertaken (1) t o  

f i n d  a means t o  a l l e v i a t e  t h e  problem i n  t h e  s h o r t  t e r m  and (2 )  t o  ga in  

a b e t t e r  understanding of i t  f o r  the  longer tern. One of these  t a s k s  was 

t h e  c h a r a c t e r i z a t i o n  of suspended matter i n  the  r eac to r  de fue l ing  water 

and of the  material t h a t  w a s  causing u n s a t i s f a c t o r i l y  s h o r t  ope ra t ing  

l i f e  of t he  Defueling Water Cleanup System (DWCS) f i l t e r s .  

2. EXAMINATION OF SAMPLES OF THE DWCS FILTERS 

Samples of Paul-Trini ty  s t a i n l e s s  steel f i l t e r  media, i d e n t i c a l  t o  

t h a t  used i n  the  TML-2 DWCS f i l t e r s ,  were used i n  a labora tory  test r i g  

a t  TMI-2 to  f i l t e r  samples of defue l ing  water. Four f i l t e r  samples were 
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s e n t  t o  ORITL f o r  examination, and th ree  of them had been used to  f i l t e r  

de fue l ing  w a t e r .  The samples were i d e n t i f i e d  as follows: 

Sample F1 - An unused (new) f i l t e r .  

Sample F2 - A f i l t e r  operated i n  the  test r i g  with 71-NTU water 
u n t i l  t he  flow had decreased t o  a very low rate ( t h e  
f i l t e r  w a s  e f f e c t i v e l y  plugged). 

Sample F3 - A f i l t e r  operated i n  a manner similar t o  sample F2 and 
then "reclaimed" by soaking i n  hot boric ac id  s o l u t i o n  
t o  r e s t o r e  flow. 

Sample F4 - A f i l t e r  operated i n  the  test rig with 4-NTU water (a t  
a later d a t e  than samples F2 and F3) u n t i l  t he  flow had 
decreased t o  a very low rate. 

No p r e c i p i t a t e  was observed on any of t he  f i l t e r s  with the  naked eye 

under condi t ions  of r a t h e r  poor v i s i b i l i t y .  On f i l t e r s  exposed t o  water, 

one s i d e  w a s  s e v e r a l  t i m e s  more r ad ioac t ive  than the  o the r ,  as measured 

wi th  an open-window survey instrument ,  and t h a t  w a s  presumed t o  be t he  

upstream slde. 

2.1 MICROSCOPIC EXAMINATION 

The f i r s t  observa t ions  were made on sample F1 t o  determine the  

na tu re  of t he  f i l t e r .  Scanning e l e c t r o n  microscope (SEM) photographs 

showed a tor tuous  flow pa th  of i n t e r l i n k e d  c rev ices  of varying th i ckness ,  

t y p i c a l l y  about 0.5 urn. The f i l t e r  composition determined by energy- 

d i s p e r s i v e  X-ray f luoresence  (EDX) w a s  r ep resen ta t ive  of Type 316 

s t a i n l e s s  steel: Fe, C r ,  and N i ,  with measurable l e v e l s  of S i  and a 

small amount of S. 

Small specimens of samples F2 and F3 were mounted for Pletallographic 

examination. I n  each case, one sample w a s  mounted v e r t i c a l l y  so t he  



polished section was perpendicular t o  the surface; one was mounted at a 

small angle to the horizontal; and the thlrd was mounted horizontally 

with the upstream side on top after polishing. These specimens were exa- 

mined with both an optical microscope and the SEM. The angled specimens 

did not show any features different from the others and were not further 

examined. The filter surface was sufficiently curved that the polished 

surface of the horizontal mount cut very gradually into the metal o f  the 

filter surface. No unusual definitive features were observed. 

The cross section of sample F2 showed clear evidence of a thin film on 

the surface, particularly in surface pores on the upstream side, but there 

was no such indication for sample F3. More complete information is  included 

in Appendix A. 

primarily the components of stainless steel (Fe > Cr > Ni), with smaller 

amounts of Si and Al in varying proportions (Fig. A.8). Unfortunately, 

the sample had been ground with alumina and polished with silica, so the 

last two elements could have been introduced during sample preparation. 

Iron depleted in Cr and Ni, a likely corrosion product, was not observed. 

Examination by EDX of the region containing the film showed 

The same samples were reground using diamond abrasive and polished 

with chromium oxide to avoid these interferences. Reexamination again i n d i -  

cated the presence of a film in sample F2 but not in sample. F3 (Fig. 1). 

The EDX analyses showed silicon (in addition to the stainless steel 

elements) and a large Compton-scattering component characteristic of organic 

material. (The white areas in Fig. 1. are stainless steel, while the uniform 

dark areas are the epoxy mounting.) The dark appearance of the film ind i -  

cates a material o f  l o w  atomic number ( Z ) ,  probably organic. The film was  

also visible by optical microscopy. 
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Fig. 1. Cross section of DWCS samples F2 (top) and F3 (bottom). 
Note film on surface of sample F2 and absence of film on sample F3. 
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These observations suggest that, in addition to the anticipated 

filtration problem from small particulates, a thin surface film may be a 

significant contributor to plugging of the filters. Moreover, the film 

probably contains silicon but may be largely organic in nature, and it is 

removed by the filter reclamation process, which consists of soaking in 

hot boric acid solution. 

The leached filter (sample F3)  also showed greater porosity, or a 

greater void fraction, than sample F2. 

not be expected to dissolve a significant mount of the stainless steel 

filter medium, this characteristic was presumed to be an artifact of the 

fabrication. 

Since the boric acid' leach would 

Sample F 4  was acquired at a later date and examined in the same 

manner. The upstream surface was coated with a film that was much 

thicker than that for sample P2 (up to 5 to 7 urn); there was no evidence 

for a film on the downstream surface (Pig. 2). The film had been pulled 

away from the filter surface in many areas during sample preparation 

(potting in epoxy), leaving a crevice either between the metal and the 

film or between the film and the epoxy. This suggests that the film 

might be easily removed physically, as during sample handling. The film 

was analyzed by EDX, which clearly showed that it contained silicon; in 

addition, an elemental map showed silicon in the film on both sides of 

the crevice (Fig. 3 ) .  The film could also contain organic material that 

cannot be defined by EDX. 

Sample F 4  had been tested with low-turbidity water of relatively low 

solids concentration, but it had plugged more quickly than the filters 

tested with high-turbidity water. This behavlor indicates that whatever 
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0.8p10 VFS = 334.8 2E3.480 

71 LAYER 01.1 UPSTERM SIDE OF TMI FILTER 

Fig. 2. Cross sect ion of sample F4 (top) and EDX spectrum of f i lm 
region of same sample (bottom) 0 



a 

Fig. 3 .  Cross section of surface o f  sample F4 (top) and silicon 
concentration map o f  same area (bottom). 
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caused the film had not been removed from the water as effectively as the 

particulate material that contributed to turbidity. Alternatively, it is 

possible that particulates in the high-turbidity water formed, in effect, 

a precoat which extended the filter surface and delayed formation of the 

film. 

Very few foreign particles were observed on the perpendicular cross 

sections of any filter, but the surface area of the filter under exami- 

nation was extremely small - a line that was, at most, a few hundred 
micrometers long and a particle diameter wide. One particle of core 

debris ( 5  to 10 pm, Zr > U > Fe > Cr) was found on the downstream side of 
sample F2 (Figs. A.5 and A.7); it may have been knocked off the origi- 

nal surface during shipping and handling. The film showed no evidence of 

particulates or crystalline structure except for a very few regions with 

tiny particles containing some lanthanum and cerium. These elements 

could possibly be contaminants from sample grinding and polishing, 

although that is thought to be unlikely; no other potential source is 

known. 

2.2 CHARACTERIZATION OF FILM ON DWCS FILTERS 

The possible effectiveness of a film in causing plugging of filters 

and the very small quantity of particulate inorganic material observed on 

these samples led us to perform additional studies to attempt to deter- 

mine whether a film really did exist and, if s o ,  to characterize it. 

These studies, which were applied to both the front and the back sides of 

samples F2 and F 4 ,  included surface analysis by secondary ion mass 

spectrometry (SIMS), ion scattering spectrometry (ISS), infrared and 



Raman spectrometry,  and laser -desorp t ion  Four ie r  Transform mass spec t ro-  

metry (FTMS). The r e s u l t s  are given i n  Appendix B. 

Analy t ica l  s t u d i e s  r e l a t i n g  t o  t h e  f i lms  on samples F2 and F4 are 

q u a l i t a t i v e  and i n d i c a t i v e ,  but  not  conclusive.  All t h e  d a t a  genera l ly  

support  t h e  presence of f i lms  which are of predominantly d i f f e r e n t  com- 

p o s i t i o n  i n  the  two cases. The f i l m  on sample F2 appeared to be p r i -  

mar i ly  organic  with some s i l i c o n  o r  organic  s i l icate ,  whereas t h a t  on 

sample  F4 w a s  predominantly s i l i c o n  with poss ib ly  some organic  component. 

Some incons i s t enc ie s  t h a t  w e r e  observed w e r e  probably r e l a t e d  t o  the  d i f -  

f e r e n t  th icknesses  of the  s u r f a c e  l a y e r  t h a t  the  methods analyze.  

The ISS method examines a very t h i n  su r face  l a y e r  (only a few atoms 

t h i c k ) .  Carbon and oxygen were de tec t ed  on both s i d e s  of each € i l te r ;  

however, t he re  w a s  less carbon ( r e l a t i v e  t o  oxygen) on sample F 4 ,  

sugges t ing  t h a t  i t s  f i l m  contained more oxide. The amount of s i l i c o n  w a s  

small, i f  i t  w a s  p resent  at a l l ,  on sample F2; however, i t  w a s  found on 

both s i d e s  of sample F4 (more on t h e  f r o n t  than on the  back). I ron  and 

chromium were found on both s i d e s  of sample F4, i n d i c a t i n g  t h a t  a t  least  

some m e t a l  f i l t e r  medium was very c lose  t o  the  su r face ;  i t  w a s  noted 

above t h a t  t h e  f i l m  may have f laked  of f  p a r t  of t h e  su r face  of t h i s  

f i l t e r .  These elements were not observed on sample F2 u n t i l  a f t e r  

repeated scans (which eroded t h e  su r face  t o  the  ex ten t  of perhaps 0.1 

Pm); then they appeared only on the  back s ide .  Thus, t he  coa t ing  an t h e  

upstream s i d e  of sample P2 was relatively th ick .  There was . a l so  evidence 

f o r  a s m a l l  amount of FeO on the  f r o n t  su r f ace  of sample F 4 .  

The SIMS method, which examines a much t h i c k e r  l a y e r  (up t o  t h e  o rde r  

of 0.1 v m  t h i c k ) ,  g ives  r e s u l t s  gene ra l ly  cons i s t en t  wi th  the  foregoing.  
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S i g n i f i c a n t  peaks c h a r a c t e r i s t i c  of organic  compounds were present  on 

both s i d e s  of sample F2, with the  l a r g e r  peaks found on the  f r o n t .  Such 

peaks were notably absent  on sample F 4 ,  

sample F 4  and enriched on t he  f r o n t  su r f ace ,  while  i t  w a s  s m a l l  on sample 

F 2 .  The sodium peak w a s  l a r g e r  on the  back of each f i l t e r  than on the  

f r o n t .  Aluminum w a s  p resent  on all sur faces .  Peaks f o r  t he  f i l t e r -  

medium metals, chromium and i r o n ,  were much l a r g e r  on sample F 4  than on 

F2, suggest ing t h a t  t he  f i l m  w a s  t h inne r  or may have f l aked  off  p a r t  of 

t h e  su r face  of sample F 4 .  Note t h a t  t he  f i l t e r  p re sen t s  a very rough 

su r face ;  t he re fo re ,  t he  f i l m  v a r i e s  i n  th ickness  from very t h i c k  over t he  

pores t o  q u i t e  t h i n  over  t he  high po in t s ,  as shown i n  Figs ,  1 and 2. 

The s i l i c o n  peak w a s  l a r g e  on 

The FTMS method, which analyzes  an even th i cke r  su r face  l aye r  than 

does the  SIMS method, a l s o  showed the  t w o  samples to be d i f f e r e n t .  Both 

have a l a r g e  s i g n a l  a t  mass 43, which is probably methyl s i l i c o n  (from 

organic  s i l i c a t e )  but  could poss ib ly  be B02. 

i n d i c a t i v e  of s i l i c o n ,  and t h e r e  is no evidence f o r  boron i n  any of t he  

o t h e r  determinat ions (above). The d a t a  a l s o  ind ica ted  t h a t  t he  f i l m  w a s  

very nonuniform, wi th  s u b s t a n t i a l  v a r i a t i o n s  occurr ing from point  t o  

po in t  on the  sample. 

Severa l  o the r  peaks a r e  

Two a d d i t i o n a l  materials were t e s t e d  with the  FTMS method f o r  com- 

par ison:  (1) the  borated hydraul ic  f l u i d ,  which w a s  known to have been 

s p i l l e d  into the  water; and (2) sugar ,  which is rep resen ta t ive  of poly- 

sacchar ides  t h a t  are reasonable  products of b io log ica l  a c t i v i t y  ( c e l l  

membranes). I n  t h e  case of sample F2, t he  peaks f o r  sugar co r re l a t ed  

w e l l  wi th  the  observed spectra, but those f o r  hydraul ic  fluid did not ;  

t h i s  supports  t he  suggest ion t h a t  t he  f i l m  is a t  least p a r t l y  der ived 



from b i o l o g i c a l  material. For sample F4, t h e r e  was poorer agreement wi th  

t h e  peaks f o r  e i t h e r  material and a s i l i c e o u s  f i l m  w a s  ind ica ted .  

Di f fuse- re f lec tance  i n f r a r e d  s p e c t r a  from the  Eront of sample F 4  

showed some weak, but meaningful, absorp t ion  i n  regions c h a r a c t e r i s t i c  of 

hydrocarbons and silicon-oxygen f u n c t i o n a l i t i e s ,  and poss ib ly  a l s o  

bonding between s i l i c o n  and organic  carbon. These f ind ings  a l s o  support  

t h e  ex i s t ence  of a s i l i c e o u s  f i l m  on the  f r o n t  of sample F4. The back 

s i d e  showed only the  hydrocarbon bands. It is poss ib l e  t h a t  all 

s t a i n l e s s  steel s u r f a c e s  are covered wi th  a t h i n  coa t ing  of hydrau l i c  

f l u i d ,  but t h i s  coa t ing  does not  c o n s t i t u t e  t h e  f i lm.  Sample F2 w a s  not  

examined by t h i s  method. 

These r e s u l t s  support  t h e  presence of f i lms  on the  DWCS f i l t e r  

samples and suggest t h a t  t h e  na ture  of t h e  material forming the  f i l m  

changed between the  t i m e s  samples F2 and F 4  were taken. The f i l m  on 

sample F2 had a l a r g e  organic  component t h a t  w a s  probably der ived  from 

b i o l o g i c a l  growth. Although t h e  product ion of t h i s  material has been 

l a r g e l y  e l imina ted ,  a r e s e r v o i r  of it may s t i l l  exist somewhere i n  the 

system, One might expect  t h e  problem a r i s i n g  from t h i s  component t o  

d iminish  wi th  t i m e  s i n c e  t h e  material i s  gradual ly  removed from the  

system and is  not  rep len ished ,  

The f i l m  on sample F 4  contained a l a r g e  amount of s i l i c o n  and much 

less organic  material than d id  t h a t  on sample F2. The s i l i c o n  probably 

o r ig ina t ed  from the diatomaceous e a r t h  (DE) precoat  used i n  the  swimming 

pool f i l t e r  during the  t i m e  between the  t es t  which generated sample F2 

and t h a t  which generated sample F4. The use  of DE is expected t o  con- 

t i n u e ,  so t h i s  source of a f i l m  w i l l  probably p e r s i s t ;  t h e r e f o r e ,  i t  w i l l  
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be necessary to deal with such siliceous material throughout defueling. 

Two approaches that are generally used (either alone or i n  combination) 

are: ( 1 )  to provide an extended surface by precoating and continuously 

renewing the surface by "body feed'* and (2) to coagulate the very small 

particles into larger agglomerates by modifying their surface properties 

with a polymer additive. These methods are currently being used for 

water treatment in the plant. 

3. FILTRATION TESTS WITH TMI-2 REACTOR DEF'UELING WATER 

Filtration tests were carried out using a series of Nuclepore 

filters, in succession, to separate the insoluble material into different 

size ranges that could be further characterized. With one exception, 

each of these tests was performed with 30 mL of water. A 2Slmndiam 

filter was used in test 1; the larger (47-mm-diam) filter was used i n  all 

others. The exposed diameters were 19 and 37 mm, giving areas of 2.84 

and 10.8 cm2, respectively. The "loadings" with 30 mL of feed were 10.6 

and 2.8 mL per cm2 of surface area, corresponding to filtration of water 

at initial depths of only 10.6 and 2.8 cm. 

The turbidity of the water was measured after each filtration. 

Relative radiation levels of each filter (measurements made -0.5 in. 

away) and of the water after each filtration (measurements made at the 

side of a polyethylene graduate) were determined with a survey instru- 

ment. Finally, a sample of each filter was examined with an SEM with EDX 

capability; the results are summarized in Sect. 4. 

The three different water samples that were supplied by GPU Nuclear 

can be described as follows: 
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W1 - This sample w a s  taken on September 8, 1986, gfter a bleed/ feed  
procedure,  following core  bore, and p r i o r  t o  s w i  ing p 0 ~ 1  f i l -  
ter opera t ion ;  the  t u r b i d i t y  wa5 repor ted  t o  be 71 W. F i l t e r  
sample F2 w a s  used t o  f i l t e r  similar water. 

W2 - T h i s  sample w a s  taken on September 22, 1986, af ter  s w i  
pool f i l t e r  opera t ion ;  t h e  t u r b i d i t y  was reported t o  be 25 NTU. 

W3 - This sample w a s  taken on October 16, 1986, a f t e r  DWCS opera t ion ;  
the t u r b i d i t y  w a s  repor ted  t o  be 4 NTU. 
used t o  f i l t e r  s imilar  water.) 

( F i l t e r  sample F 4  w a s  

3.1 NUCLEPORF, FILTER TEST 1 

T e s t  1 w a s  c a r r i e d  out  wi th  water sample W1 ( t u r b i d i t y  = -71 NTU). 

The Nuclepore f i l t e r s  were 25 mm OD wi th  an exposed diameter of 19 

The 30 mT, of water (10.6 mL/cm2) w a s  vacuum f i l t e r e d  through a sequence 

of f i l t e r s  of success ive ly  smaller pore s i z e s .  After passage of t he  

water through each f i l t e r ,  t h e  r a d i a t i o n  l e v e l s  of t he  f i l t e r  and t h e  

f i l t e r e d  w a t e r  were measured and t h e  t u r b i d i t y  of t h e  water w a s  d e t e r -  

mined. These d a t a  are l i s t e d  i n  Table 1. 

Table 1, Results obta ined  in Nudepare f i l t e r  t e s t  1 

Pore size Turb id i ty  
of f i l t e r  of f i l t e r e d  

(urn) water (NTU) 

Radia t ion  l e v e l  (mB/h) 

F i l t e r  F i l t e r e d  water 

10.0 90 30 60 

2.0a 29 800 30 

1 .ob 15 120 24 

0.6b 5.1 110 24 

0.4 2.2 24 21 

0.1 0.24 25 19 

a F i l t e r  c o l l e c t e d  a l a r g e  moun t  of s o l i d s  smaller than 2 ms i n  
a d d i t i o n  t o  t h e  2- t o  1O-i-Im f r a c t i o n ,  leav ing  less of t h e  f i n e r  
f o r  subsequent f i l t e r s .  

b F i l t e r  contained some material smaller than nominal pore s ize .  
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Because of t h e  buildup of s o l i d s  over t h e  pores of t he  2-lirn f i l t e r ,  

t h e  e f f e c t i v e  pore s i z e  was decreased and the  f i l t e r  c o l l e c t e d  a l a r g e  

q u a n t i t y  of s o l i d s  wi th  p a r t i c l e  s i z e s  much smaller than 2 w. 

Accordingly, less s o l i d  material was l e f t  i n  t h e  water t h a t  was fed  t o  

t h e  f i l t e r s  with smaller pores.  The 1-urn f i l t e r  s i m i l a r l y  c o l l e c t e d  par- 

ticles smaller than 1 um, but not t o  so g r e a t  an ex ten t .  Thus, t h e  2-um 

f i l t e r  c o l l e c t e d  more s o l i d s  than were a c t u a l l y  i n  the 2- t o  10-vm s i z e  

range, and the  f i l t e r s  smaller than 1 vm c o l l e c t e d  less s o l i d s  than  were 

p resen t  i n  t h e  de fue l ing  water i n  t h e i r  appropr i a t e  s i z e  ranges. 

The behavior of t h e  2-urn f i l t e r  may exp la in  t h e  problem from plugging 

i n  t h e  l a r g e  DWCS f i l t e r s .  A p i l e  of p a r t i c l e s  c o l l e c t e d  over each 

f i l t e r  pore (Fig. 4 1 ,  and t h e  s u r f a c e  of t he  p i l e  i s  composed l a r g e l y  of 

very small p a r t i c l e s .  Regardless of t h e  pore s i z e  of t he  f i l t e r  media, 

p a r t i a l  blockage of t h e  pores decreases  the  s ize  of t h e  flow pa ths  so 

t h a t  success ive ly  smaller p a r t i c l e s  are co l l ec t ed .  T h i s  process con- 

t i n u e s  u n t i l  t h e  f i n e s t  p a r t i c l e s  present  to  any s u b s t a n t i a l  e x t e n t  will 

determine t h e  e f f e c t i v e  pore size of the f i l t e r .  

3 . 2  NUCLEPORE FILTER TEST 2A AND 2B 

Water sample W1 was a l s o  used f o r  both p a r t s  of t h i s  tes t .  I n  p a r t  

2A, the test procedure was t h e  same as t h a t  used i n  Nuclepore f i l t e r  test 

1 except (1) intermittent s w i r l i n g  of the s o l u t i o n  was used t o  d i s p e r s e  

p a r t i c l e s  away from t h e  pores;  (2) a larger (47-mm-diam) f i l t e r  w a s  used 

t o  provide more e f f i c i e n t  s i z e  f r a c t i o n a t i o n  and th inne r  d e p o s i t s ,  which 

were more appropr i a t e  f o r  SEM p a r t i c l e  c h a r a c t e r i z a t i o n ;  and (3) two addi- 

t i o n a l  f i l t e r s ,  5- and 0.8-lim, w e r e  added t o  t h e  sequence. Some buildup 

of small p a r t i c l e s  s t i l l  occurred on t h e  2-vm f i l t e r ,  but not on t h e  

o the r s .  Radia t ion  and t u r b i d i t y  d a t a  from test 2A are given i n  Table 2. 
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Fig. 4 .  Par t ic les  p i l e d  over pores  of  2-vm Nuclepore f i l t e r  from 
Nuclepore f i l t r a t i o n  test 1: water sample W1 ( t u r b i d i t y  = -71 NTU). 
Note presence of very  small p a r t i c l e s .  
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Table 2. D a t a  obtained I n  Nuclepore f i l ter  test 2 8  

Pore  s i z e  T u r b i d i t y  R a d i a t i o n  l e v e l  (mR/h) 
of  f i l t e r  o f  f i l t e r e d  

( u d  water (NTU) 

I n i t i a l  93  60 

F i l t e r  F i l t e r e d  water 

10. 88 38 58 

5. 

2.0a 

90 

49 

43  

3 60b 

53 

30 

1.0 24 130 28 

0.8 19.6 25 23 

0.6 12.1 49 21 

0.4 5.4 56 19 

0.1 0. 3 4  50 18 
- 

a F i l t e r  c o l l e c t e d  some s o l i d s  smaller t h a n  2 urn. 

b R a d i o a c t i v i t y  l e v e l  o f  2-pm f i l t e r  a f t e r  f i l t r a t i o n  of 5 mt o f  
s o l u t i o n  measured 32  mR/h, cor responding  t o  192 mR/h f o r  t h i s  test .  

I n  p a r t  2B, lo-, 5-, and 2-pm f i l t e r s  ( a l l  47-m-diam) were used t o  

f i l t e r  o n l y  5 mL o f  sample W1 water. This avoided the p i l e u p  of d i v e r s e  

p a r t i c l e s  o v e r  t h e  p o r e  openings  and y i e l d e d  a 2- t o  5-vm sample which had 

w e l l - s e p a r a t e d  p a r t i c l e s  and w a s  more s u i t a b l e  f o r  SEM examinat ion.  Such 

samples  w e r e  d e s i g n a t e d  as  " d i l u t e d  2 um." 

The r a d i o a c t i v i t y  l e v e l  of t h e  water i n  t h e  o r i g i n a l  b o t t l e  of  s a m p l e  

W1 measured 900 mR/h a t  t h e  bot tom and 15  mK/h a t  t h e  t o p  b e f o r e  shaking;  

a f t e r  shaking ,  i t  measured 200 mR/h a t  t h e  middle.  ( A l l  d e t e r m i n a t i o n s  

were made a t  a d i s t a n c e  of  1 / 2  i n .  from t h e  b o t t l e . )  
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3.3 NUCLEPORE FILTER TEST 3 

Water sample W 2  ( t u r b i d i t y ,  -25 NTU) w a s  f i l t e r e d  success ive ly  

through a similar series of Nuclepore f i l t e r s  t o  s e p a r a t e  p a r t i c l e s  i n t o  

narrow s i z e  f r a c t i o n s ,  as w a s  done i n  test 2 ( see  Sect.  3.2). There w a s  

l i t t l e ,  i f  any, pore blockage wi th  t h i s  water. The test was performed 

wi th  30 mL o f  water on 47lnm-diam f i l t e r s .  The r a d i a t i a n  l e v e l s  of t h e  

f i l t e r s  and t h e  f i l t e r e d  water and the water t u r b i d i t y  de te rmina t ions  

a f t e r  each f i l t r a t i o n  are repor ted  i n  Table 3. 

Table 3. Results obtained in Nuclepore filter test 3 

Pore s i z e  Turb id i ty  Radia t ion  l e v e l  (mR/h) 
of f i l t e r  of f i l t e r e d  

(urn> water (NTU) F i l t e r  F i l  t e r ed wa t e r 

I n i t i a l  

10. 

22 

21 4 

36 

37 

5. 21 4 34 

2.0 21 9 32 

1 .o 

0.8 

0.6 

0.4 

0.1 

16,2 

13.0 

8.8 

4.2 

0.30 

42 

20 

46 

54 

63 

31 

28 

25 

22 

20 

The r a d i o a c t i v i t y  l e v e l  of t h e  o r i g i n a l  b o t t l e  of sample W2 measured 

460 mR/h a t  t h e  bottom and 75 mR/h a t  t h e  t a p ,  before shaking, and 120 

mR/h a t  t h e  middle, both before and after mixing. ( A l l  de te rmina t ions  

were made a t  a d i s t a n c e  of 1/2 in .  from t he  b o t t l e . )  
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3 .4  NUCLEPORE FILTER TEST 4 

The same f i l t r a t i o n  sequence  w a s  c a r r i e d  o u t  w i t h  water sample W3, 

which had a t u r b i d i t y  o f  -4 NTU. Again, 30 mL of water w a s  used w i t h  

47-mm f i l t e r s .  The f i l t e r s  were v e r y  l i g h t l y  loaded w i t h  p a r t i c l e s .  

The r a d i a t i o n  l e v e l s  o f  t h e  f i l t e r s  and t h e  water t u r b i d i t y  measurements 

after  t h e  various f i l t r a t i o n  s t e p s  are  r e p o r t e d  i n  Table  4.  

Table 4. Data obtained in Nuclepore f i l ter  test 4 

Pore  s i z e  Turbid i t  y R a d i a t i o n  l e v e l  (mR/ h) 

F i l t e r  F i l t e r e d  water of f i l t e r  of f i l t e r e d  
( m >  water (NTU) 

I n i t i a l  2.5 29 

10.0 2 .3  g 1  28 

5.0 2.3 Cl 25 

2.0 2.2 2 24 

1 .o 1.6 2 25 

0.8 

0.6 

0.4 

1.3 

0.9 

0.51 

25 

25  

2 2  

0.1 0.20 6 21 

The r a d i o a c t i v i t y  level of  t h e  b o t t l e  of  sample W3 measured 130  mR/h 

a t  t h e  bottom, 100 mR/h a t  t h e  middle ,  and 92  mR/h a t  t h e  t o p  b e f o r e  

mixing; i t  w a s  110 mR/h  a t  t h e  middle  a f t e r  mixing. 



4. EXAMINATION OF NUCLEPORE: FILTERS BY SCANNING ELECTRON MICROSCOPY 

Small s e c t i o n s  of each Nuclepore f i l t e r  from the  tests descr ibed i n  

t h e  preceding s e c t i o n  were examined with an SEM, and var ious areas of t he  

f i l t e r s  and of i nd iv idua l  p a r t i c l e s  were analyzed by EDX. The r e s u l t s  of 

t hese  observat ions are summarized here;  complete d a t a  are included i n  t h e  

Appendixes. Two d i f f e r e n t  SEM inst ruments  were used. One, which gave 

s i g n i f i c a n t l y  b e t t e r  r e so lu t ion  f o r  s m a l l  particles, was used t o  examine 

t h e  smaller pore-size f i l t e r s ;  the  o the r  w a s  used t a  examine the  l a r g e r  

pore-size f i l t e r s .  Data from the  two instruments  are presented i n  d i f -  

f e r e n t  formats ( see  the  Appendixes). 

4 .1  INTERPRETATION OF SEM PHOTOGRAPHS 

The summary presented later i n  t h i s  s e c t i o n  b r i e f l y  descr ibes  some 

of the  particles, SEM photographs of each f i l t e r  a r e  included i n  the  

Appendixes. These photographs were made a t  seve ra l  magnif icat ions,  up t o  

20,OOOX i n  a few cases. Since the  magnif icat ion is changed during photo- 

graphic  reproduct ion,  a c a l i b r a t i o n  scale is provided on each f i g u r e  f o r  

es t imat ing  particle s i z e s .  The f i l t e r  pores are also an i n d i c a t i o n  of 

scale . 
Particle appearances vary g rea t ly .  Recognizable material inc ludes  

diatoms from f i l t e r  precoat ing and core-debr i s  fragments with sharp edges 

and cornera ,  presumably from t he  c o r e d r i l l i n g  opera t ions .  Many par-  

t icles show no p a r t i c u l a r  structure,  and many appear t o  be agglomerates 

of much smaller  fundamental p a r t i c l e s .  I n  the  case of very small  par- 

t ic les ,  the  fundamental p a r t i c l e s  w e r e  of t he  proper s i z e  t o  have passes  

through the  previous f i l t e r ;  however, the  aggregates  a r e  l a r g e r ,  so they 

were presumably formed between f i l t r a t i o n s ,  The smaller size f r a c t i o n s ,  

i n  p a r t i c u l a r ,  conta in  g lobular  or s p h e r i c a l  particles. 



An important ,  but q u a l i t a t i v e ,  f e a t u r e  is t he  apparent br ightness  of 

t h e  particles.  Most photographs are secondary e l e c t r o n  images (SEX), 

which provide,  i n  gene ra l ,  a topographic view of t he  sur face .  Elements of 

higher  atomic number (Z) s c a t t e r  e l e c t r o n s  more e f f i c i e n t l y  than those of 

lower 2; thus ,  high-Z p a r t i c l e s  appear b r i g h t e r  o r  white ,  while 

low-2 mate r i a l  i s  gray. A re ference  point  is the smooth organic  f i l t e r  

material i t s e l f .  Since the  b r igh tness  and c o n t r a s t  con t ro l s  of t he  

instrument  can be var ied  over a wide range, such observat ions are only 

q u a l i t a t i v e  at bes t .  However, i n  many cases, they provide an i n d i c a t i o n  

of which particles conta in ,  f o r  example, l i g h t  ( S i ,  Al, Ca), in te rmedia te  

(Zr, Cd, Ag) ,  o r  heavy (U) elements. 

This  d i f f e r e n c e  can be g r e a t l y  accentuated by using the  backsca t te r  

e l e c t r o n  image (BEI), which w a s  done i n  s e v e r a l  cases. Backscat ter ing by 

an angle  of near ly  180" is more e f f i c i e n t  with heavy elements but prac- 

t i c a l l y  nonexis tent  f o r  l i g h t  elements. As a r e s u l t ,  organic  particles, 

cons i s t ing  predominantly of low-Z elements ( C ,  H, 0) are e f f e c t i v e l y  

i n v i s i b l e .  A comparison of the  SEI  and BE1 images of the  same area g ives  

a good i n d i c a t i o n  of t h e  f r a c t i o n s  of t he  p a r t i c l e s  t h a t  are of reaso- 

nably high 2 and of low 2. L o w 4  particles t h a t  do not conta in  elements 

heavier  than sodium a r e  most l i k e l y  t o  be organic  i n  nature .  

4 . 2  PARTICLE SIZE DISTRIBUTION 

An e f f o r t  w a s  made t o  estimate the  dens i ty  of particles i n  each s i z e  

range by counting the  number of p a r t i c l e s  i n  the  SEM photographs. Also, 

a rough estimate of t h e  volume of s o l i d s  i n  each s i z e  range w a s  made by 

c a l c u l a t i n g  the  volume of t he  s o l i d  par t ic les ,  assuming t h a t  each par-  

t i c le  diameter w a s  equal  to ,  o r  s l i g h t l y  less than,  t he  mean of t he  f i l t e r  
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pore s i z e  range i n  which the  p a r t i c l e  w a s  co l l ec t ed .  For example, 

p a r t i c l e s  t h a t  were c o l l e c t e d  on t h e  1-urn f i l t e r s  were assumed t o  have a 

diameter of 1.4 um. For those  p a r t i c l e s  c o l l e c t e d  011 t h e  lo-rma 

f i l t e r  ( t h e  l a r g e s t  pore-size f i l t e r  used) ,  the p a r t i c l e  diameter w a s  

assumed to  be 15 pm. The r e s u l t s  of these estimates are s 

Table 5, and t h e  es t imated  p a r t i c l e  size d i s t r i b u t i o n  is shown i n  Fig. 5. 

The accuracy of these  d a t a  w a s  poor i n  some cases because e i t h e r  (1) too 

few p a r t i c l e s  were present  t o  permit a s t a t i s t i c a l l y  s i g n i f i c a n t  count,  

( 2 )  t he  p a r t i c l e s  were not d i s t r i b u t e d  uniformly, (3) so many p a r t i c l e s  

w e r e  p resent  t h a t  they covered each o t h e r ,  o r  (4)  many small p a r t i c l e s  

were agglomerated i n t o  larger clumps. The p rec i s ion  of d a t a  obtained 

from d i f f e r e n t  SEM photographs of particles wi th in  t h e  same s i z e  range 

va r i ed  from a f a c t o r  of 2 (in most cases) t o  much l a r g e r  f a c t o r s  ( i n  a 

few cases). Even though some of t h e  r e s u l t s  may be inaccura t e ,  the d a t a  

as a whole were analyzed and some i n t e r e s t i n g  observa t ions  were noted, 

as descr ibed  below. 

For water sample W1 ( t u r b i d i t y  = -71 NTU),  which r ep resen t s  t he  s ta te  

of t h e  de fue l ing  water a f t e r  t h e  core  bore opera t ions  and a period of 

s e t t l i n g  (but  before any f i l t r a t i o n ) ,  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  

of t h e  contained s o l i d s  w a s  reasonably c l o s e  t o  a log-normal d i s t r i b u -  

t i o n ,  as evidenced by t h e  approximately l i n e a r  p l o t s  shown I n  Fig. 5. 

For water sample W2 ( t u r b i d i t y  = -25 NTU), which r ep resen t s  t h e  

s ta te  of t h e  de fue l ing  water after some f i l t r a t i o n  through t h e  swimming 

pool  f i l t e r  conta in ing  a diatomaceous earth (DE) precoat , t h e  number of 

co re -debr i s  p a r t i c l e s  w i th in  t h e  1- t o  10-um s i z e  range w a s  reduced 

s u b s t a n t i a l l y .  A t  t h e  same t i m e ,  r e l a t i v e l y  l a r g e  DE p a r t i c l e s  were 

in t roduced  (and observed i n  t h e  SEM photographs). The ne t  r e s u l t  w a s  



Table 5 ,  Estimates of number and volume of particles in various size ranges 

Relative particle size distribution (% larger than specific size) 
Filter Number of particles/cm2 Water sample Wla Water sample W2a Water sample W3C 
pore size Water Water Water 
(urn) sample sample sample 

No. of Volume of No. of Volume of No. of Volume of 
part icles solids particles solids particles solids wia W2b w3c 

5 

2 

1 

0.8 

0.6 

0.4 

0.1 

~~ 

5E3 

5E4 

2E6 

3E7 

lE7 

1E8 

2E8 

1E9 

5E3 

8E4 

1E7 

5E6 

4E7 

1EB 

1E9 

4E3 

5E3 

7E4 

7E5 

2E6 

5E6 

8E6 

2E8 

0.00 

0.00 

0.15 

2 . 4  

3.1 

11 

26 

100 

5.7 

13 

35 

69 

72 

a6 

97 

100 

0.00 

0 .OO 

0.01 

0.9 

1.3 

4.8 

13.4 

100 

11 

13 

16 

51 

56 

74 

90 

100 

0.00 

0.00 

0.04 

0.4 

1.1 

3 . 4  

7.1 

100 

50 

58 

67 

35 
fQ 
w 

a0 

88 

93 

100 

Total 1.3E9 1.2E9 2.2E8 
~~ 

aTurbidity of water sample W1 = -71 NTU. 

bTurbidity of water sample W2 5 -25 NTU. 

CTurbidity of water sample W3 = -4 NTU. 
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was t h a t  t h e  number of p a r t i c l e s  i n  t h e  >lO-vm s i z e  range w a s  about 

t h e  same, but  t h e  p a r t i c l e s  w e r e  of d i f f e r e n t  composition. 

I n  t he  case of water sample W3 ( t u r b i d i t y  = -4 NTU), which r ep resen t s  

t h e  state of the  de fue l ing  water a f t e r  a d d i t i o n a l  f i l t r a t i o n  through the  

DE-precoat swimming pool f f l t e r  and a l s o  some f i l t r a t i o n  through the  

0.5-um-rated DWCS f i l t e r s ,  t h e  number of p a r t i c l e s  i n  khe >2-vm range w a s  

no t  reduced as compared with sample W2. This  w a s  because of ( I )  t h e  

e f f e c t i v e n e s s  of t he  swimming pool f i l t e r  i n  removing t h e  l a r g e r  core- 

d e b r i s  p a r t i c l e s  i n  both cases and ( 2 )  t h e  a d d i t i o n  of the  l a r g e r  DE par- 

ticles. I n  c o n t r a s t ,  t he  number of particles i n  the  <2-?-1m s i z e  range w a s  

s u b s t a n t i a l l y  decreased by the  0.5-~m-rated DWCS f i l t e r s .  

The in t roduc t fon  of DE fragments biased t h e  p a r t i c l e  s i z e  d i s t r i b u -  

t i o n  ex tens ive ly .  The increased  component from these  l a r g e  p a r t i c l e s  

appears  i n  t h e  curves of Fig. 5 as a s t e e p e r  s lope ,  e s p e c i a l l y  at  t h e  

upper end of t h e  l i n e s  and as a displacement of t he  curves t o  t h e  r i g h t .  

These d a t a  demonstrate t h a t  sample W3 ( t u r b i d i t y  = -4 NTU) contained a 

r e l a t i v e l y  higher  percentage of l a r g e - p a r t i c l e  material; t h i s  was 

der ived  from DE fragments and w a s ,  t he re fo re ,  s i l i c a - r i c h  as compared 

wi th  the  p a r t i c l e s  t h a t  would be expected if t h e  DE material w a s  not present .  

This  s i l ica  source dominated t h e  t o t a l  water impuri ty  content .  Waste 

c l a r i f i c a t i o n  methods c u r r e n t l y  being used depend on t h e  i n j e c t i o n  of  DE 

"body f eed , "  and i t  is poss ib l e  t h a t  some of these  solids will escape the  

f i l t r a t i o n  system. It is l i k e l y  t h a t  DE p a r t i c l e s  w i l l  be con t ro l l ed  

more e f f e c t i v e l y  wi th  DWCS f i l t e r s  than  with the  swimming pool f i l t e r ,  

which w a s  used during the  t i m e  t h a t  t h e  water samples s tud ied  here  w e r e  

obtained.  Accordingly, t he  DE p a r t i c u l a t e s  should occur  t o  a smaller 

e x t e n t  than i s  ind ica t ed  by the  r e s u l t s  of t h i s  study. 
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The smaller-size (<l-um) particles appear t o  be derived predominantly 

from the reactor system (core debris and possibly some organic material). 

Since ongoing defueling operations will continue to resuspend existing 

core-debris particulates and generate new debris, that source of solids 

should be expected to persist throughout defueling. These small particles 

scatter light much more effectively than larger ones, although large par- 

ticles may constitute the bulk of the solids. Consequently, small par- 

ticles from the core debris will probably continue to represent a potential 

visibility problem. 

4.3 INTERPRETATION OF ENERGY-DISPERSIVE X-RAY FLUORESCENCE (EDX) 
SPECTRA 

The summary presented at the end of this section identifies and 

estimates the inorganic elements observed in the EDX scans. They are 

listed generally in the order of decreasing intensity (or peak height) 

of the characteristic X-ray lines observed for each element. Very light 

elements ( Z  < -11) were not detected; this range includes boron (known to 

be present) and carbon (from organic. material, which may be present). 

All other elements can be detected, although with varying efficiencies. 

It should be emphasized that these listings are not quantitative 

measures of  relative abundance; in fact, they may not even be in the 

proper qualitative order. Different groups of elements were detected 

by means of different orders of X-rays: K X-rays were used to detect 

“light elements” ( Z  from -12 to -45); L X-rays were used to detect 

heavier elements (2 > -35);  and M X-rays were used to detect the 

heaviest elements, notably uranium for which both L-type and M-type X- 

rays appeared. There were important interferences which, in a few 

cases, made element identification uncertain. 
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The emission i n t e n s i t i e s  of t h e  d i f f e r e n t  o rde r s  of X-rays vary,  

and the  e f f i c i e n c i e s  f o r  e x c i t i n g  them decrease  monotonically with 

i n c r e a s i n g  Z. I n t e r a c t i o n s  t h a t  involve t h e  abso rp t ion  of p r imary  

X-rays and the  emission of secondary ones occur wi th in  the  ma te r i a l  

being examined, Although c o r r e c t i o n s  can be appl ied  so t h a t  quan- 

t i t a t i v e  X-ray f luorescence  de te rmina t ions  can be made with i d e a l  

samples (smooth su r face  and t h i c k ) ,  t h i s  is not p r a c t i c a l  with small 

samples  of small p a r t i c l e s ,  such as those encountered i n  the  present  

s tudy .  Because of t he  cons ide ra t ions  noted here ,  even an estimate of 

t h e  q u a l i t a t i v e  order  of abundance is uncer ta in .  Accordingly, t he  

l i s t i n g s  repor ted  should be i n t e r p r e t e d  only as approximations. 

I n  most cases, X-ray s p e c t r a  were obtained f o r  i nd iv idua l  p a r t i c l e s  

o r  small aggrega tes  of p a r t i c l e s ,  ranging from a few micrometers t o  

submicron s i z e ,  by focus ing  t h e  e l e c t r o n  beam on the  p a r t i c l e  of 

i n t e r e s t .  There i s  o f t e n  some c o n t r i b u t i o n  t o  such s p e c t r a  from 

material immediately ad jacent  to and underneath the p a r t i c l e  of 

i n t e r e s t .  Area scans of t he  s o l i d s  on the  f i l t e r ,  r ep resen t ing  the  

e n t i r e  s u r f a c e  of the  corresponding photograph, a r e  given i n  some cases. 

Area scans represent  many p a r t i c l e s  (usua l ly  hundreds or thousands 1 

and are, t h e r e f o r e ,  a s o r t  of average composition plus a con t r ibu t ion  

from the  f i l t e r  media t h a t  may dominate. 

There is a n a t u r a l  tendency t o  select f o r  analysis those particles 

which are of unusual appearance and t o  examine only a r e l a t i v e l y  few 

p a r t i c l e s  t y p i c a l  of the  bulk of t he  material, so it is not easy t o  

conver t  t he  ana lyses  f o r  i nd iv idua l  p a r t i c l e s  t o  an average f o r  a l l  

s o l i d s  present .  This can be done, t o  some e x t e n t ,  by e s t ima t ing  the  
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r e l a t i v e  q u a n t i t i e s  o f  p a r t i c l e s  of similar c h a r a c t e r i s t i c s  o r  

appearances i n  t h e  photographs. The least t h a t  can be s a i d  is  t h a t  

those  compositions which are observed do, i n  f a c t ,  e x i s t  i n  t h i s  

s ys t em. 

The X-ray s p e c t r a  from l i g h t  elements,  such as those found i n  

organic  material and the  f i l t e r  media, gene ra l ly  appear as Compton 

backgrounds with s m a l l  X-ray peaks denot ing any trace elements present .  

A s i g n i f i c a n t  Compton background is  always present  i n  scans of very 

small p a r t i c l e s  o r  of areae.  This  background appears t o  be suppressed 

i f  l a r g e  X-ray peaks are present  because t h e  Y-axis scale (counts)  is 

expanded t o  match the  l a r g e s t  peak. I n  the  Appendixes, t he  Y-axis 

scale is i nd ica t ed  on the s p e c t r a  e i t h e r  by a number followed by 'OF§" 

( e . g . ,  125FS) o r  by "VFS='" (e.g., VFS=1024). I f  t he  Cornpton background 

dominated t h e  spectrum, no l a r g e  X-ray peaks were present ;  i n  such 

cases, the  Y-axis scale i s  r e l a t i v e l y  s m a l l .  This sugges ts  t h a t  t h e r e  

w a s  no s i g n i f i c a n t  quan t i ty  of any element heavier  than sodium. 

4.4 GENERAL OBSERVATIONS 

A t  least 26 elements were found i n  t h e  var ious  s o l i d s ;  in add i t ion ,  

l i g h t  elements such as carbon and boron must be present .  The elements 

de t ec t ed  inc lude  N a ,  Mg, A l ,  S i ,  S,  C1,  K, Ca, Ti, C r ,  Mn, Fe, Ni, Cu, 

Zn, B r ,  Z r ,  Mo, Ag, Cd, In ,  Ba, C e ,  Pb, B i ,  and U. O f  these ,  Al, C l ,  

Cu, and Zn were p resen t ,  t o  some e x t e n t ,  as a r t i f a c t s  due t o  sample 

p repa ra t ion  and mounting; i n  many samples, however, AI, C l ,  and, i n  

some cases, Cu were present  f a r  i n  excess  of such amounts. 

Many of these  elements were expected, such as Fe, Cr, N i ,  Zr, Ag,  

Cd, In ,  and U (from the  r e a c t o r  system) and C1, S, A l ,  Si, and Ca (as 
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common o r  known i m p u r i t i e s ) ,  However, some were unexpected; t hese  

inc lude  Mo i n  q u i t e  a few samples, B r  i n  s e v e r a l ,  Pb and poss ib ly  B i  i n  

a very few, K i n  l a r g e  amounts i n  a few, Mn i n  a few, and r a r e l y  Ce and 

B a  ( t h e  Ba X-ray could be an a r t i f a c t  from the  decay of 1 3 7 C ~  i n  f u e l -  

bear ing  material). 

A wide range of p a r t i c l e  s i z e s  and compositions was observed i n  a l l  

water samples, but t he re  were sys temat ic  v a r i a t i o n s  i n  t h e  na ture  of 

t h e  s o l i d s  according to p a r t i c l e  size. I n  gene ra l ,  t he  l a r g e r  (>5-san) 

p a r t i c l e s  w e r e  composed of l i g h t  elements ( S i ,  Al, Cay and sometimes Fe 

t h a t  was usua l ly  f r e e  of Cr and N i l ;  t h e r e  w a s  a l s o  a small amount of 

o t h e r  materials, inc luding  core  d e b r i s  (Zr ,  U, and A g ) ,  which w a s  prob- 

ab ly  a s soc ia t ed  wi th  some of t h e s e  l a r g e r  p a r t i c l e s  as agglomerates. 

The l a r g e  p a r t i c l e s  were r e l a t i v e l y  few i n  number and probably do not 

c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  water problem. 

A change i n  cha rac t e r  of t h e  p a r t i c l e s  was observed s t a r t i n g  wi th  

t h e  2- t o  5-!-1m f r a c t i o n  f o r  water sample W1 ( t u r b i d i t y  = -71 NTU) and 

t h e  1- to  2-urn f r a c t i o n s  from samples W 2  ( t u r b i d i t y  = -25 NTU) and W3 

( t u r b i d i t y  = -4 NTU). As t he  p a r t i c l e  s i z e  decreased through these  

ranges,  a l a r g e r  amount of s o l i d s  appeared and the  s o l i d s  contained 

less of the  l i g h t  elements but  more core  deb r i s .  Ind iv idua l  d e b r i s  

par t ic les ,  i n  most cases, were composed predominantly, or  almost 

e n t i r e l y ,  of only one element: U ,  Zr, or  some mixture of con t ro l  rod 

metals (Ag, Cd, and I n  w e r e  each dominant i n  d i f f e r e n t  p a r t i c l e s ) .  

I r o n  w a s  a l s o  p re sen t ,  sometimes r e l a t i v e l y  pure and sometimes mixed 

wi th  C r ,  N i ,  o r  both. I n  a d d i t i o n ,  aggregates  of s e v e r a l  types of 

p a r t i c l e s  occurred. 
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As t he  p a r t i c l e  s i z e  decreased below 1 vm3 t he  l ight-element f r ac -  

t i o n  (Al, Si, Ca) decreased g r e a t l y  and t h e  f r a c t i o n  of core-derived 

material gene ra l ly  increased.  There w a s  a l s o  a tendency f o r  some par- 

ticles in t h e  few-tenths micrometer s i z e  range t o  be rounded o r  globu- 

l a r ,  suggest ing t h a t  they r e s u l t e d  from molten t e r i a l  ( c o n t r o l  sod) 

o r  ae roso l  condensation ( r e f r a c t o r y  oxides ,  uranium), although some 

fragmented material w a s  observed as w e l l .  

As t he  p a r t i c l e  s i z e  decreased f u r t h e r ,  t he re  w a s  i nc reas ing  evidence 

f o r  p a r t i c l e s  conta in ing  only l o w 4  elements ( e . g . ,  organic  m a t e r i a l ) ;  

and t h a t  appeared t o  dominate i n  t h e  smallest f r a c t i o n ,  0.1 t o  0.4 stnn. 

A s u b s t a n t i a l  amount of material w a s  found i n  t h i s  size range (Fig. 5) .  

Under higher  magni f ica t ion ,  many p a r t i c l e s  were rounded and p a r t i c l e s  

even smaller than  0.1 um were observed (Figs ,  6 and 7);  however, t he re  

w a s  s t i l l  some core-der ived material in t h i s  f r a c t i o n  ( i .e . ,  t he  b r i g h t  

co re  in t h e  p a r t i c l e  near t h e  cen te r ) .  I n  t h e  smaller-s ize  material, 

e s p e c i a l l y ,  t h e r e  w a s  evidence f o r  t h e  aggregat ion of small, o f t e n  

s p h e r i c a l ,  p a r t i c l e s  i n t o  s m a l l  c l u s t e r s .  

P a r t i c l e s  wi th  the  same genera l  c h a r a c t e r i s t i c s  w e r e  observed i n  each 

of t he  t h r e e  water samples. The primary d i f f e rence  involved the  amount 

of s o l i d s  present ;  s u b s t a n t i a l l y  less of t he  metal-containing s o l i d s  (but 

s t i l l  a very s i g n i f i c a n t  amount) w a s  found i n  the  lower- turb id i ty  waters, 

e s p e c i a l l y  sample W3. There w a s  also less small-sized low+ material 

(presumably organic)  i n  the  lower- turb id i ty  waters, but i t  probably d id  

no t  decrease as much as d id  t h e  amount of larger-s ized (metal-containing) 

s o l i d s .  However, i t  is d i f f i c u l t  t o  estimate the  amount of such material 

accura te ly .  
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F i g .  6. Aggregation of small p a r t i c l e s  o n  0 . 1 - 1 ~ m  filter from 
Nuclepore f i l t r a t i o n  test  3 :  water sample W 2  ( t u r b i d i t y  = -25 NTU). 

Fig. 7. Enlargement of the region shown i n  Fig. 6 .  Note the pre- 
sence of rounded p a r t i c l e s ,  very small particles ,  and aggregates.  
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The filters were examined using an SEM with EDX capability, The 

analytical data reports (photographs and EDX spectra) are detailed in 

Appendixes C through E; the results for each analysis are sumarizt?d in 

the subsections that follow. For cross reference, each photograph is 

referred to by its identification number, which is given at the left 

margin of the listing that follows, as well as on the photographs in 

the Appendixes. Each photograph also includes a scale indicated by a 

line labeled with its corresponding length in micrometers (designated 

as "U" or "pm" ) . Within a given EDX analysis, elements are generally 

listed in the order of decreasing relative X-ray peak heights; these 

values are not necessarily the same as their relative abundances. 

4.5 EXAMINATION OF NUCLEPORE FILTERS FROM TEST 1: WATER SAMPLE W1 
(TURBIDITY = -71 NTU) 

10-pnn Filter (Figures C.i-C.2) 

Photograph Comments 

18412 Few large particles; widely separated 

18413 10- to 13-pm ill-defined particle- Ca > Si >> C l ,  A1 > Fe 
18414 1. 5-pm-diam x 30-pm-long rod; essentially all silica 

2. Cluster of small particles on end of rod- 
Fe >> A l ,  Ni > S i  > C1, Cd (no Cr) 

3. 5 x 10 um poorly defined particle- large Colnpton 
background and no metals; probably organic 
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2-la Filter (Figures C.3-C.b) 

Photograph Comments 

18415 Very heavy depos i t ;  p a r t i c l e s  (some <<2 m) p i l e d  over 
pores  

18415 Area scan; X-ray spectrum of area is complex. 
Some peaks may be mis ident i f ied-  Cd (Ag, I n ) ,  Fe > Z r  > 
Al, S i  > C1; NI appears smaller than i n  SS, and C r  is 
absen t ;  U w a s  not de t ec t ed  but could be present  i n  small 
concen t r a t ion  

18416 Scan of small area; most p a r t i c l e s  <<I m; l a r g e s t ,  
2 x 4 l t e  Cd, ( A g ,  I n ) ,  Fe > Z r  > Al, Si, C 1  > N i  

18417 Area scan similar, but poss ib ly  U present  

1-pm Filter (Figures C.S-C.6) 

Photograph Comments 

18418 Large area, moderately heavy d e p o s i t ;  some p a r t i c l e s  p i l e d  
ove r  pores,  but many pores v i s i b l e .  
Area scan- complex spectrum: Mo, Z r ,  Fe ,  Cd, Al, S i ,  Pb, 
( B i ) ,  Zr 

18419 Small are-K, Cd? >> AJ, Mo, Ag, Fe,  Z r ,  C1, C r ,  N i ,  Pb; 
S i  peak small, i f  p re sen t  at a l l  

18420 Agglomerate of small par t ic les -  Fe, Pb, Bi, Mo, Al 

0.6-m Filter (Figure C.7) 

Photograph Comments 

18421 Large area, moderately heavy depos i t ;  rounded p a r t i c l e s  
tend t o  p i l e  over pores;  some p a r t i c l e s  appear s p h e r i c a l  
o r  g lobu la r .  
Area scan- Mo, Fe, Pb, B i ,  Z r ,  Al 

Fuel or c o n t r o l  rod r e s idue  i n  white p a r t i c l e s ;  
spheres  are f u e l  r e s idue  o r  Ag-Cd i n  s e p a r a t e  p a r t i c l e s  
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0.4-vm F i l t e r  (Figure C . 8 )  

Photograph Comments 

18424 Moderate depos i t  ; l i g h t e r ,  but similar, t o  0.6-rn f i l t e r ;  
both white and gray p a r t i c l e s ;  tendency toward mre 
spheres.  
Area s c a d l ,  C1,  Fe,  Si, Compton background (from 
f i l t e r  media) 

18425 Ind iv idua l  p a r t i c l e s  v a r i a b l e -  some U, Ag-Cd, Si-AI 

0.1-vm F i l t e r  (Figure 6.9) 

Pbo t ograph Comments 

18426 Small, but s i g n i f i c a n t ,  depos i t  of small p a r t i c l e s ,  p lus  
a very few l a r g e r ,  apparent ly  aggregated p a r t i c l e s ,  
A r e a  scan- mainly Compton background; very small ind ica-  
t i o n  o f  C1, Fe; mostly low-Z material, probably o rgan ic  

18427 3000X- many small ( ( 0 . 1 -  t o  0.3-um) poorly defined par- 
t ic les  * 
Area scan- mainly Compton; trace C 1 ,  Fe 

0.4-um F i l t e r ;  reexamination with d i f f e r e n t  SEI4 (Pfgures C.lQ-C.19) 

Photograph comrnen t s 

4367 Both white and gray p a r t i c l e s ;  many rounded o r  s p h e r i c a l  

4368 Area sea- B r ,  C1, Ag, Si, Fe; a l l  small peaks over 
l a r g e  Compton 

1. Two small white cores  i n  b r igh t  particle- nea r ly  pure 
Z r ;  trace AI., S i ,  Fe, C1,  Ag 

2 .  Rounded whi te  core  i n  gray par tFcle-pure U 

3 .  Simi la r  t o  ( 2 ) -  n e a r l y  pure U; trace AI., S i ,  Fe 

4 .  Gray sphere- Compton background dominant; trace Al, S i ,  
C1, Fe, Cu, Br? 

5. Light  gray i n  gray- Ag > Zr; trace M, S i ,  Fe; maybe 
Mo, C 1 ,  U 

4365 

4366 

Note whi te  core  i n  some gray p a r t i c l e s  

20,OOOX shows agglomerate o f  0.2- t o  0.4-i.~m spheres  
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4 . 6  EXAMINATION OF NUCLEPOKE FZLTERS FROM TEST 2: WATER SAMPLE W1 
(TURBIDITY = -71 NTU) 

10-urn Filter (F igures  I). 1-D.4) 

Photograph Comments 

18428 Widely spaced l a r g e  p a r t i c l e s  

18429 1. Diatom par t ic le -  n e a r l y  pure S i  

18430 2. Diatom p a r t i c l e - n e a r l y  pure S i  

18431 3. 4 x 7 pm p a r t i c l e  wi th  r egu la r  s h a p e  Al, S i  >> Fe, Ba, 
C e ,  C 1  

18432 4. 10-vm i r r e g u l a r  p a r t i c l e ,  agglomerate?- Fe >> N i  > Cd, 
c1, Al, si 

18433 

5. Small " f l ake , "  irregulazc- Fe >> Ni, Al, C1, Cd, Si 
6. 10-urn rounded p a r t i c l e ,  rough s u r f a c e  I n ,  Cd?, 

Ag > Mo > Fe, Al, C 1 ,  S i  

7. Diatom- pure S i  

5-urn F i l t e r  (F igures  D.5-D.8) 

Photograph Comments 

18434 Widely spaced p a r t i c l e s  

18435 I ,  9 x 12 bm fuzzy a g g l o m e r a t e  Fe >> Cd, Si, Mo, Ni, Al, 
c1 

2. S-pm p a r t i c l e  w i t h  square  corners- Si (diatom fragment?) 

18436 

18437 

1 a438 

3. 4 x 7 urn p a r t i c l e  Fe > N i  > Si, A l ,  Cd, C1, Mo 

4 .  4 x 8 VIU pointed p a r t i c l e -  Al, S i  >> Ba, Fe, Ni, Sn? 

5, 5-urn p l u s  small crystals-  Al, Si > Fe > Ba, Mo, Cd, Sn? 

6 .  6 x 8 urn p a r t i c l e - F e  >> A l  > S i ,  E l i ,  Cd 

7. 7 - ~ m ,  rounded particle- Fe >> Al, Cd (In?), H i ,  s i ,  
maybe Z r  

8. Sharply edged p a r t i c l e  Z r  > Ag >> trace Fe 

9. 7-urn fuzzy p a r t i c l e -  trace Fe, Ba, S i ,  Al, Zr, C 1  
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2-vm F i l t e r  (Figures De9-D.1Q) 

Photograph Comment 8 

18446 Heavy depos i t ;  p a r t i c l e s  p i l e d  over pore openings 

A. Cylinder,  7 urn diam x 50 urn l o n r  Si > Ca > AI. 
B .  I d e n t i c a l  p a r t i c l e  (Si/Ca/Al, -4/2/1) 

18447 1. Bright 3 x 4 urn p a r t i c l e - F e  > Al, S i ,  Ni > Cd, Ag, In, 
Z r ,  C1, C r  

2. Sola11 p a r t i c l e s  over pore- Cd, I n ,  Ag, Fe > Z r ,  A l ,  Si 

3. S imi la r  t o  (2) p l u s  2-urn sphere- Fe > Ag, Cd, In, @1, 
Al, S i ,  Z r  

4. Large a g g l o m e r a t e  S i ,  Z r  > Fe, In, Cd, Ag > Al > Ni, 
C 1  

"Diluted 2 u m "  Filter (Figures D.11-D.15) 

Photograph Comments 

18439 Well sepa ra t ed  p a r t i c l e s  

18440 1. 12-pm-long, t h i n ,  rough su r face -  trace Al, Fe, probably 
o rgan ic  

18441 2. Large agglomerate- C1 > AI., Si > Pe 
3. Br ight ,  smooth, curved surface- Cd >>> Z r ,  Fe, Al, C 1  

4, 2 x 3 urn agglomerate; b r i g h t  region- Fe, I n  (Ag, Cd), 
A 1  > Mo, Si 

5, 3-urn g r a i n ;  rough surface- U > Zr > trace A I 9  Fe 

18442 6. 8 x 10 urn angular  par t ic le -  A l  >>> Mo > trace Fe 

7. 6-~nr. t h i n  flake- Z r  >>> , Cd, Fe, C r ,  Ni, Al 

8. 1-pm round par t ic le -  Fe = Cr > Al 
18443 9A. 3 x 4 urn b r i g h t ,  sharp-edged, angular par t ic le -  Z r  > U >> 

9B. 2-pm, rounded, fuzzy pa r t i c l e -  Fe >> A l ,  Si, Ni, U, trace 

Fe, Al 

C l  

9C. 1 x 2 Urn, grain- U > Z r  >> Fe, AI, Cl 

9D. 2 x 3 urn gray ,  rounded, fuzzy par t ic le -  Al, Si >> Ba, Fe 

9E. 4 urn, sharp  g r a i p  U > Z r  
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1-m F i l t e r  (Figures  D.16-D.18) 

Photograph Comments 

18444 Good d i s t r i b u t i o n  of 1- t o  2-urn white  and gray p a r t i c l e s  

18445 1. Bright par t ic le  i n  a g g l o m e r a t e  U >>> Al, Fe, Ni 

2. Gray agglomerate- Fe, Al, Si > C1; l a r g e  Compton 

3. White angular  p a r t i c l e  Ag > In > Mo > Fe,  Al, 61 

4. White angular  par t ic le -  U > Zr > trace Al, C r ,  Fe,  C1 

5. Gray area of agglomerate- Fe > A l ,  C 1  > Cd, Mo, Z r  
( Comp t on) 

6. Bright a r ea ,  same agglomerate-U > Zr > Fe, Al, S i ,  C 1  

7.  Mixed agglomerate- F e ,  Z r ,  Ag-Cd-In, Al > Si, C l  > 
trace N i  

8. Bright ,  rounded p a r t i c l e -  In (Ag,  Cd) > Zr, Fe > Al > 
Si, C 1 ,  trace N i  

9. Dull gray pa r t i c l e -  Fe > trace Al; mostly Compton 

0.8-m F i l t e r  (Figures  D.19-D.26) 

Photograph Comments 

4387 Widely s c a t t e r e d  p a r t i c l e s  and agglomerates 

Bright  0.8-urn p a r t i c l e  with smaller gray pa r t i c l e s -  Fe > 
A l ;  trace N i ,  C1, Si, S, probably Zr, C 1 ,  In, maybe Cd 

4388 

4389 

4390 

White sphere with gray s h e l l  around it- Ag > Z r ,  S 

Small white  spheroid i n  s m a l l  b r igh t  p a r t i c l e  pure U 

Clus te r  of b r i g h t  p a r t i c l e s ,  each (1 um- Zr >> U 
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0.6-w Filter (Figures 

Photograph Comments 

4391 Scattered white and gray particles and agglomerates 

1. White spherep 0.7 y m -  pure Ag 

2. Bright 0.5-Pm sphere, gray shell- Zr >> Cr, trace Fe, 
u, Al, si 

3. Gray round particle-Fe, Br >>> Ag, Ni, Cu, C1, Si, Zr 

4 .  Light spot in transparent shell-large Compton back- 
ground; Fe, Br, Ag, (Cd) > trace Si, Zr, Sn 

4392 Area scan- U > Zr, trace Fe, A19 Si 

0 . 4 u m  Filter (Figures D.34-De39) 

Photograph Comments 

4393 Scattered bright and gray particles and agglomerates 
Area scan- U >> Fe > Zr, Al, Si 

4395 White angular particle- Zr >> A g ,  (a), Fe, S i ,  Al 

4394 

4396 

*'Normal'' secondary electron image ( S E I ) ;  shows topography 
with some dependence of brightness on 2 

Backscatter electron image (BEI) of same area; high-Z 
elements are bright, while low4 elements are dark 

0.l-m Filter (Figures D.40-D.45) 

Photograph Comments 

4397 BE I 

4398 SEI; heavy scatter of agglomerates and small particles 
down to submicron size; many particles rounded 

1. Small, white particle-U, trace Fe, Al, Si, Zr, S, C1 

2. Three different particles, rounded, small; light on SEI 
but nearly invisible in BEI- 
Fe >> Al, Si, C1, Cu, Compton background; 
Fe, Ag, S, Al, Si, Compton background; 
Fe >> Zr, Cu, Ca, C1, S ,  Si, Al, Compton background 

3. Gray; faint in BEI- Fe >> Zr, Cu > trace Al, Si, S ,  C1, 
Ca, Zn 
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4.7 EXAMINATION OF NUCLEPORE F I L T E R S  FROM T E S T  3 :  WATER SAMPLE W2 
(TURBIDITY = -25 NTU) 

P h o t o g r a p h  Comments 

18448 Very f e w  p a r t i c l e s  

18449 1 .  8 x 3 0  urn l o n g  par t ic le -  Compton background;  low-Z 
e l e m e n t s ;  some C 1  

18450 2. 7 x 1 4  u m  a g g l o m e r a t ?  F e ,  Ag, Cd, I n  > Z r  > Mo, C 1 ,  
Al > S i ,  maybe U 

3. B r i g h t ,  5 x 1 0  urn p a r t i c l e  S i  > C 1  > Fe 
1845 1 Very  f e w  p a r t i c l e s ;  some (10 u m  

18452 1 .  11 x 2 2  urn a g g l o m e r a t e - Z r  >> U ,  Cd, Ag, I n ,  t race C 1 ,  
F e  

18453 2. G r a y ,  l a y e r e d  s t r u c t u r e -  Compton background;  trace C 1  

18454 3. 3-um, w h i t e ,  r o u n d e d  p a r t i c l e C o m p t o n  b a c k g r o u n d  > 
t race S i ,  C 1  

4 .  2.4 x 4 urn p o i n t e d  p a r t i c l e -  Compton b a c k g r o u n d  > 
t race  C 1 ,  S i  

5. 2- t o  3-urn g r a y  a g g l o m e r a t e ;  smal l  p a r t i c l e s  C 1 ;  
Compton b a c k g r o u n d  

18455 6. 3 x 8 urn p a r t i c l e  w i t h  s m a l l  s p h e r e s  o n  s u r f a c e -  
Compton background;  C1 > S i  

184 56 7 .  6 x 8 urn r o u n d e d  p a r t i c l e s ,  s i m i l a r  t o  ( 6 ) -  Compton 
background;  S i ,  C1 

5-pm F i l t e r  ( F i g u r e s  E-6-E.9) 

P h o t o g r a p h  Comments 

18457 Very f e w  w i d e l y  s c a t t e r e d  p a r t i c l e s  

18458 1. 15 x 2 0  urn, n e b u l o u s C o m p t o n  background;  trace C 1  

18459 2.  8 x 2 4  urn p a r t i c l e ,  s imi la r  t o  ( 1 ) -  Compton background;  
t race C 1  
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18460 

18461 

18462 

18463 

18464 

3. Aggregate; -5 x 8 pm par t i c l e -  Fe >> C 1  > A l p  Si, Z r ,  
S, CS 

4. 5-urn f u e l  g r a i n  shape- U, trace Zr, CX 

5 .  4 x 6 v m  agglomerate- Fe > A13 C 1 ,  U > S i ,  Z r ,  Ni > C a  

6. Thin, bent s h e l l  o r  flake- Si 

7. 1.5-vrn s m a l l  aggrega te-  Compton background; C1, nnaybe 
AI., si 

8. &urn, rounded, maybe l ayered  par t ic le -  Compton baek- 
ground; Cl 

9 .  3 x 8 urn elongated p a r t i c l e -  Compton background; 
c1 > si 

Photograph 

18465 Sca t t e red  particles 

1 .  Large p a r t i c l e  pure Si 

2.  Small, round par t ic le -  Zr >> Ag > U > trace Fe, C 1  

5. Pure U 

6 ,  Fe >> trace Si, Cd, C 1  

7.  Fe >> trace Ni, C1, Al, Si 

18466 8 .  1 x 2 urn, b r i g h t ,  jagged pa r t i c l e -  Z r  > Si, Ag, Cd, In, 
c1, U? 

9. Diatom fragment- Si 

1 a467 10. 2 x 4 pm smooth par t ic le -  Z r  > trace U,  Ag, Fe 

18468 11. 2 x 4 pm i r r e g u l a r  (melted?) particle- Ag, Cd, I n  >> Mo > 
Z r ,  Fe 
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1-urn Filter (Figures E.14-E.25) 

Photograph Comments 

4400 Normal SEI  showing topography 

4399 BE1 of same area showing high-2 elements as white 

A. Large white, rounded particle- Cd >> U >> trace Zr 
B .  Small white particle, -1 v n r  U >> trace Zr 
C. Less-white, 2-urn aggregate of fines- In > trace Fe > 

maybe S i ,  Al 

D. Near-white, pointed, 1 x 2 urn particle- U >> trace Zr 

440 1 

4402 

E .  White, rounded, near 2-um particle- U >> maybe trace Zr 
BE1 (F, G, and H are invisible) 

SEI of same area (F, G, and H are gray) 

F. About 1-urn particle, pointed at one end- Zr >> trace 
Ag,  In, AI?,  Si?, Fe? 

G. <l-um, elongated particle- Fe >> Al, Ni, maybe Si 
H. About 1-um, gray flake- Compton background; slight 

trace Si, S 

0.8-m Fi l ter  (Figures B.26-E.39) 

Photograph Comments 

4412 SEI (ZOOOX) 

441 1 BE1 of same area (2000X) 

A. Bright particle, (1 vm- Zr, U >> maybe trace Fe, Si, Al 
B. Round, bright particle, -1 um- U >> trace Fe, Cr, Al, Zr 
C. Round, bright particle, <1 um- U >> trace Fe, C r ,  Al, Zr 

D. Bright particle, (1 unt- U > Zr >> trace Al, Si, Fe 
E. Smaller, round bright particle U > Zr > trace Al, Si, 

Fe? 
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4414 

4413 

F. Small l igh t -gray  p a r t i c l e  Fe >> trace N i ,  Al, S i ,  S ,  
C l ,  Ca? 

Area scan- Compton background, maybe trace Fe, Al, Z r ,  U 

BE1 (600QX) 

SEI of same area (6OQOX) 

G. Rough, l a r g e  p a r t i c l e ,  d i m  i n  BEL- Compton background, 
maybe A l ,  S i ,  C l  

H. <l-pm gray p a r t i c l e  dim i n  BEI- Compton background, 
some Al, S i ,  Z r ,  T i ,  Fe, Cu 

I. 0.8-um aggrega te ,  moderately b r i g h t  i n  BEI- Fe > trace 
A l ,  S i ,  Ni > maybe S, C 1  

O.6-ym F i l t e r  (Pigurea E.40-E.56) 

Photograph Comments 

441 6 S E I  (2000X) 

4415 BE1 of same area (200OX) 
Area scan- Compton background, trace A l ,  C1, Fe,  B r ,  S i  

4417 S E I  (6OOOX) 

4418 BE1 of same area (6OOQX) 

A. Br ight ,  angular  p a r t i c l e ,  0.5 x 1 u w  U > trace Z r ,  Fe, 
A l ,  S i  

B. Bright ,  rounded, 0.5-um p a r t i c l e  U > Z r  > trace Pe, 
S i ,  C r  

C. Gray ( S E I / B E I ) ,  poin ted ,  0,5-pm par t i c l e -  In, Ag > 
trace Al, S > S i ,  Fe 

D. White, 0.5 x 0.8-urn p a r t i c l e  wlth corner- U 

E .  White B E I ,  gray S E I ,  end of c r y s t a l  c l i x m p -  U, Z r  

F. White B E I ,  gray SEI ,  <Q*5--um p a r t i c l e s -  IJ > trace Al, 
Fe > Si? ,  Z r ?  

G. Gray c l u s t e r  of -0.7-urn par t i c l e s -  Z r  > Ag > trace Fe, 
A I ,  S i ,  B r  
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4417 

H, White, po in ted ,  angular  p a r t i c l e ,  0.4 x 1  no- U > Z r  > 
trace Al, Si 

I, Gray, rounded, <0.5-vm par t ic le -  Fe > Al > trace S i ,  Br 

J. Similar t o  (I)- Fe > A1 > trace si, B r ,  Z r  

L, Large, gray s t r u c t u r e l e s s  area- Compton background; 
trace A l ,  Br, Fe 

M. Dark gray c l u s t e r ,  f a i n t  on BEI- Si > trace Fe, Al, Zr, 
B r  

0 . 4 - m  Filter (Figures E.57-E.71) 

Photograph Comments 

4590 BE1 image shows a t h i n  scatter of white particles (2000X) 

4588 S E I  image of same area, with a good assortment of p a r t i c l e s  

4589 BE1 inage shows a few white  p a r t i c l e s  (6000X) 

4587 SEI image of same area, with many p a r t i c l e s  and agglomerates 
Area scan-mostly Compton background; trace C1, S, K > Cu, 
Fe, S i ,  Al, Zn, Na 

1. White, rounded 0.5-um p a r t i c l e  U >>> trace Fe, Al, Si? 

2. 1-um, gray a g g l o m e r a t e F e  >> K, Al, S, C1, Si > Ni, 
Cu, Z r  

4. Smal l  white par t ic le -  U >>> poss ib ly  trace A l ,  S i ,  Z r ,  
s, cu 

5 .  Large gray agglomerate- mostly Compton background; 
trace S ,  K, C 1 ,  Cu, Al 

6 .  1-vm gray p l a t e l e t -  Compton background; Fe >> trace K, 
Al, S, S I ,  C 1 ,  Cu 

7. 0.5-vm white  par t ic le -  U >> Z r  >> poss ib ly  Al, S i ,  Fe 

8. 1-vm agglomerate- mostly Compton background; trace Fe, 
K, S ,  C1 

9, Small white par t i c l e -  U >> Z r  >> trace Fe, Al 

10. Gray agglornerate- Compton background; trace C1, S, K, 
S i ,  Fe 
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6 . l u m  Filter (Figures E.72-E.84) 

Photograph Comments 
4591 SEI image; good assortment of small particles and agglorn- 

erates 

4593 BE1 image of same area, with very few bright particles 
(6000X) 

4591 Area scan- Compton background; Cl, S > Si, U OE K, Cu > 
Ag,  Fe, A l  

1. Tiny white particle in gray agglomerate- Compton back- 
ground; trace S, Si, C1, Fe, Cu 

2, Rounded white particle-U, Zr >> trace Fe, Cu, Si, Al 
3 .  Bright area in gray particle- U >>> trace Al, Si, C1, 

Cu, Fe 

4592 Blowup of No, 3 (20,OOOX); 0.15-vm white cote in 0.4-m 
gray blob; note other spheres and agglomerates 

4. Bright spots in gray agglomerate- Compton, Fe, Ag, Si, 
s > A l ,  cu 

5. Gray agglomerate- 61 > Pe > Cu, K, S, Si, Al 
6 .  Gray agglomerate- Compton background; Cl > Fe, Co, Ag, 

Si, A1 > trace K 
7. Small white area in gray blab- U > CP >> Zr > trace Cu, 

Fe, si 

8 .  Gray agglomerate- Compton background; small Ag, C1, Fe, 
Si, S, Cu, Zn, Al 

9. Gray sphere- Compton background; trace S, Si, Cu, Cl 

4.8 EXAMINATION OF NUCLEPORE FILTERS FROM TEST 4: WATER SAMPLE W3 
(TURBIDITY = -4 NTU) 

lO--l~m Filter (Figures 

Photograph Comments 

18469 Few large particles 

18470 2. SFmilar to (1)- same composition =+ trace Si, Mo, C1 
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I847 1 3. Gray p a r t i c l e ,  -20 um, wi th  small white g lobules  on 
surface- S i ,  Ca  > C 1  > Al, Mg, Mo, K, Fe, Ti 

18572 4. 10-urn agglomerate--, S i ,  C l  > K, Ca, Al, plp; > Fe; 
Camp t on 

5. Sinal1 (6  t o  8 urn), rounded par t ic le -  C a  >> Mg > trace S i ,  Cl, Fe 

6. Odd-shaped par t ic le ,  20 t o  30 um-- Compton background, trace 
C 1 ,  Mo, Fe, NI, Ca 

7. 5 x 10 urn pointed parelcle- Ca > Si >> C 1 ,  A l ,  M g ,  S, K, Fe 

8. -10-pm p a r t i c l e  p l u s  s m a l l  fragments- Fe >> Ni, Mo, C1,  K 

18473 9. Lump on f i l t e r ;  t i n y  su r face  p a r t i c l e s -  T i  (maybe La),  Mo,  
C 1  > Al > S i ,  Fe, N i ,  K, C a  

5-m F i l t e r  (F igures  P.5-F.8) 

Photograph Comments 

18474 Very few particles 

1. 

18475 2. 

3 .  

4. 

18476 

18477 

18478 

5.  

6 .  

7. 

8. 

9. 

8-urn co t ton  ball-  Si > Al > Ca, Fe > trace C1, I(, Mo 

3-urn agglomerate- C 1  > S i ,  maybe Mg 

3-um f l u f f -  Compton background; trace Si, C 1 ,  Fe 

Agglomerate of s m a l l  g ray  par t ic les -  Ni > C 1  > Mo > 
trace Al, K 

Agglomerate of small  par t ic les -  N i ,  C 1  >> trace Si, S ,  
A l  

Large agglomerate of s m a l l  p a r t i c l e s -  C1, Ni > S ,  Ca > 
si, Ai 

12 x 15 urn; no s t ruc tu re -  Compton background; trace C1 

+urn agglomerate of s m a l l  par t ic les -  U (maybe Cd), 
Z r  > Al, C l ,  Fe 

3 x 10 um particle; no s t r u c t u r e -  Compton background; 
trace C 1  
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2-pm F i l t e r  ( F i g u r e s  F.9-F-12) 

Photograph Comments 

18479 S c a t t e r e d  small  p a r t i c l e s  

18480 1. 1 5  x 20 v m  a g g l o m e r a t e  Si > C 1  

2. 2 x 5 u m  c r y s t a l - Z r ,  Fe > C r ,  Cd, C 1  > N i  

18481 3. 2-um agglomerate- Fe > C r  > N i  > t r a c e  S i ,  C 1  

18482 

4. < l - v m  rounded p a r t i c l e F e  >> C r  > t r a c e  S i ,  A 1  (no C r ,  
N i  

5. 3 x 4 urn pa r t i c l e  w i t h  l i t t l e  s t r u c t u r e  Fe > S i ,  C 1  

6 .  Br igh t  agglomerate- Fe,  A1 > N i ,  C 1  > t r a c e  S i  

7. Agglomerate of  small round p a r t i c l e s  F e  > Si, CI > S,  
N i ,  Al 

8. & a l l  g r a y  agglomerate,  rounded- Fe > K, C 1 ,  Al > 
trace S i ,  N i  

9. 3-um agglomerate- Fe > K, C 1  > S i ,  S, Al 

10. Large agglomerate- Fe > K, Cl > S i ,  S 

11. <l- !Jm par t ic les -  K > C l  > Fe 

12. 2-!Jm, rounded p a r t i c l e -  S i  >> K, C 1  

1-pm F i l t e r  (Figures P.13-F016) 

P h o t og r a ph 

18483 Sca t t e red  small  p a r t i c l e s  

18484 1. 2 x 4 u m  agglomerate- Fe, C 1 ,  Compton background 

Commen ts 

2. 1 x 3 vm agglomerate- Compton background; Cd, trace C I  

3. S i m i l a r  t o  (2)- Compton background; trace Fe, C1 

4. Smaller agglomerate- Fe  > C 1 ,  A l ,  Compton background 

5. A g g l o m e r a t e  F e ,  trace C 1 ,  Compton background 

6 .  A g g l o m e r a t e  trace Fe, Cl 
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18485 7. Agglomerate- S i ,  Al, C1,  Colnpton background 

8. 2-um rounded agglomerate- U > Ag > Fe > trace C 1 ,  A l  

9. Agglomerate- C 1 ,  Fe, Compton background 

10. 0.5 x 1 urn, rounded- Z r  > Ag, c1, Fe 

0.8-pm F i l t e r  (Figures F.17-F.26) 

Photograph Coments 

4606 Few p a r t i c l e s ,  both white  and gray 

4616 Three particles c lose  toge ther  

1 .  Angular, b r igh t  par t ic le ,  0.6 x 0 . 8  u m -  Z r  >> U > 
trace Fe 

2. I r r e g u l a r ,  b r igh t  p a r t i c l e ,  0.4 x 0.8 um- Fe >> Cu, A l ,  
s i ,  N i  
Larger ,  l ight-gray agglomerate between (1) and (2)- 
same as ( 2 )  

461 7 0 . I - l ~ m  white  sphere i n s i d e  gray shel l -  Ag, U, S > C1, Cu 
4618 0 . 4  x 0.8  urn g lobu la r  white  particle- Z r  >> U 
4619 0.7-urn gray sphere p lus  smaller white spheres- Fe >> Cu, N i  > 

t r a c e  Al, S i ,  C 1  

0.6-vm F i l t e r  (Figures  F.27-F.30) 

Photograph Coments 

4558 Very few white  p a r t i c l e s  and gray particles (2000X) 

4559 Few particles of any kind (6000X)  
Particle near center- Z r  > Al > Fe > U ,  N i ,  Si 

4560 0.6-urn par t ic le  wfth white  core (lower r i g h t  on 4559)- 
similar t o  4559 

4615 0.4-urn white sphere-U > Al, Z r ,  Fe 
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0.4-vra Filter (Figures F.31-F.44) 

Photograph Comments 

4531 Few particles, white or gray; many spherical or rounded 

0.6-um white sphere- Ag > Al, kb, Cu, Ni > Fe, CP 
4557 

4555 

4556 

Very few white particles; more gray (2000X) 

Scattered white and gray particles (6000X) 

1. Rounded, white particle, 0.6 Irm- Ag >> S > Al > CU 
2. Rounded, white particle, 0.8 PW U >> Al, P > Si, Cu, 

B i  

3. Gray particle, 0.8 um- Al, Si >> Cu, Ba, Fe 
4 .  Dark-gray sphere, 0.4 um- mainly Compton background; 

trace Al, Cu 

Three small particles (20,OOOX) 

1. Rounded white particle, 0.5 p n r  Zr >> U > trace Al, Si, 
cu 

2. Gray particle, 0.5 x 1 um-mainly Compton background; 
S > A I . > C u  

3 .  Gray crystal, 0.6 umn- Fe >> Al >> Cu, Si (no Cr, N i )  

0.1-vm Filter (Figures f.45-F.49) 

Photograph Comments 

4529 Several small (0.1- to 0.2-vm) spheres and other gray, 
low-Z particles; 10% heavier than Si 
Rounded 0.5-um particle (or flake)- Compton background; 
faint trace Al, Cu (organic) 

4530 Very few small white particles (0.1 to 0.2 pm); more gray 
particles 

1. White globular particle, 0.2 to 0.3 ~ n r  U > Cu > Zn, Si 
2. White sphere, 0.1 to 0.2 um- U >> Cu > Al 
Most material appears to be organic; small amount of fuel or 
control rod material; little, i f  any, light elements 
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6. APPENDIXES 





A. 1 

A.2 

A.3 

A.4 

A. 5 

A. 6 

A. 7 

A .  a 
A. 9 

A, 10 

Optical-microscspe photograph of sample F2. Mote the thin 
film on the upstream (Lower-left) surface. e . . I) a . 55 

Optical-mlcroscope photograph of sample 5'3. Note absenee 
offilm.. . e . .  * .  = .  ., . . " .  . . . * .  . ., . s o  55  

Optical-microscope photagraph of sample F2. Mote film on 
the surface. a . . .. . e . . a . . . . . . . . . e 56 

Optical-microscope photograph QE sample F3.  Note absence 
of film.. . . . . " .  * .  . . . . . . . . . . . * . .  . 56 

Scanning-electron-microscope photograph of sample F2. 
Upstream surface, l o w e r  right. . . . e . . . . . e . . . 57 

Scanning-electron-microscope photograph of sample F2. 
Upstream surface . ., . . . . . . . . . . e . . . . . . . . e 57 

EDX of particle on downstream surface of Fig. A . 5 .  . e . . . 58 
EDX of film on upstream surface of Fig. A . 6 .  . . . . . . . 58 

Scanning-electron-microscope photograph of sample F 4 .  
Filter and epoxy mounting separated at film on upstream 
surface.. . . . . . . . ) .  . . . . . . . . . . . . . . . 59  

Scanning-electron-mlcroscope photograph of sample F4. 
Same region as shown in Fig. A . 9  . . . . . . . . . . . e . 59 
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Y-207034 

Fig. A . l .  Optical-microscope photograph of sample F2. Note the thin 
film on the upstream (lower-left) surface. 

Y-207038 

Fig. A.2 .  Optical-microscope photograph of sample F3. Note absence 
of film. 
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Y-207035 

Fig. A.3 .  Optical-microscope photograph of sample F2.  Note film on 
t h e  surface. 

Fig. A . 4 .  Opticallnicroscope photograph of sample F3. Note absence 
of film. 
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Fig. A.5. Scanning-electron-microscope photograph of sample F2 .  
Upstream surface,  lower right ,  

F i g .  A . 6 .  Scanning-electron-microscope photograph of sample F2. 
Upstream surface. 
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Fig. A . 9 .  Scanning-electron-microscope photograph of sample  
Fi l ter  and epoxy mounting separated at film on upstream surace. 

F4. 

Same 
Fig. A. 10. Scanning-electron-microscope photograph of sample F 4 .  
region as shown in Fig. A.9. 
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Appendix B- AHATaYTICAL STUDIKS OF FILMS OH DWCS FILTERS 

Reference 

B e 1  

B.2 

B . 3  

Memorandum t o  D. 0. Campbell Page 

R. L .  Hettich and M. B. Wise, "Qualitative Analysis 
of Organic F i l m  on Three Mile Island F i l t e r  Sample," 
Dec. 12, 1986. . . . . . . . . . . . . . . . . e . . . 6 3  

D. S. Zingg, "Surface Analysis of  Sta inless  Steel 
F i l t e r  Segments," Jan. 20, 1987. . . . . e . . 75 

J. E .  Caton, Request No. 91035, Jan. 9,  1987 . . . . . . 83 





6 3  

To: David 0 .  Campbell Date: December 12, 1986 

Subject: Qualitativa analysis of organic film on 
Three Mile Island filter sample. 

SuEEu-ef-EGsriEs~%z 
Two samples of filter materials were examined by laser 

desorption Fourier transform mass spectrometry (FTMS) and diffuse 
reflectance infrared absorption spectrometry. In addition, 
several standard compounds were examined under similar mass 
spectral conditions for comparison. These standards included 
sucrose, ketones, and borated hydraulic fluid, each coated onto a 
clean stainless steel surface. In addition, double-sided tape 
was examined as a possible source of contamination. 

Summary of Findings 

Both sides of the filter samples were analyzed. In each 
case, only one side yielded spectra indicative of a coating on 
the surface. 

peaks characteristic of stainless steel (iron, chromium, cobalt 
and potassium). No other ions w e r e  reproducibly generated that 
could be identified as originating from an organic surface 
coating. 

Negative ion spectra were the more informative with the most 
intense peaks tentatively identified as organo-silicon compounds. 
Other ions observed have been tentatively identified as 
polysaccharide products and possibly borated oil. 

Diffuse reflectance infrared spectra revealed very weak 
but characteristic bands at approximately 2950 cm-1 and 1050 cm-1  
which may correspond to hydrocarbon and silicon-oxygen 
functionalities, respectively. 

Positive ion laser desorption mass spectrometry indicated 

Positive ion mass spectra consisted primarily of the metal 
ions (K+, Cr+, and Fe+) which were generated from the stainless 
steel screen. 

Negative ion mass spectra were calibrated using fluoride ion 
and the two isotopes of chloride ion. The major peak observed in 
the negative ion mass spectra was at nominal mass m/z 4 3 .  Exact 
mass determination of this ion consistently indicated two 
possible formulas; SiCH3- or E02-, with SiCH3- as the closest 
match. An ion observed at m/z 42 has approximately the correct 
isotopic intensity to be 10BO2-, but the exact mass measurement 
of this ion suggests that the either 10B02- or SiCH2-  could 
be the correct formula. Both m / z  42 and 43 are also observed in 
the mass spectra of the borated oil sample and correspond to BOZ- 
according to exact mass measurements. Peaks observed at m/z 75. 
84 and 100 amu appear to be organosilicon ions, however, the 
lack of calibrant ions in this mass range may result in s o m e  
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degree of inaccuracy in these assignments. Peaks that were 
observed in the mass range of 100-400 amu showed a close 
correlation to the peaks that ware observed in the negative mass 
spectra of sucrose. These laser ionization experiments also 
suggest that the coating on the filter samples is not homogeneous 
a5 indicated by variations in spectra that were obtained at 
different locations on the surface. 

It is important to realize that the apparent relative 
abundance of observed ions does not necessarily correspond to the 
relative amounts of these compounds present in the film. For 
example, compounds with high electron affinities such as silicon 
oxides may be enhanced in the negative ion spectra relative to 
organic ions. 

Diffuse reflectance infrared absorption measurements of 
the coated side of the filter showed very weak but detectable 
peaks which may be due to the presence of organosilicon 
compounds. The peaks observed in this spectrum are reasonably 
similar to those observed in the infrared spectrum of silicone 
lubricant ( s e e  attached figures). The infrared spectrum of the 
uncoated side of the filter was essentially featureless. These 
spectra were obtained using a clean piece of stainless steel as 
a reference sample and 1,000 spectra were signal averaged in 
order to enhance the signal-to-noise. 

Robert L. Hettich 
l G # 4 ? 4 + - P M  
Marcus €3. Wise 

y r ? h ,  D A W &  

Analytical Chemistry Division 
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Internal Correspondence 
MARTIN MARIETlA ENERGY SYSTEMS. INC 

January 20, 1987 

David 0. C a m p b e l l ,  4500-N, Hs B12, ORNL 

Surfaoe Ana1vsi.s of Stainless Steel F i l t e r  S e m e n t s  

Two stainless steel f i l ter  samples  were s u b i t t e d  t o  the  ORCDP A n a l y t i c a l  
C h m i s t r y  Department for surface a n a l y t i c a l  work u t i l i e i n g  Secondary I o n  Mass 
Spectrclnetry ( S I B )  and I o n  S c a t t e r i n g  Spectrcmtetry (ISS).  The purpose  of t h e  
work was t o  determine the r e a s o n  for the premature plugging of t h e  filters. 
Data a l r e a d y  obtained (SEW pictures) indlcated t h e  possible wesencdt of sane  
type of f i l m  c o v e r i n g  t h e  surface of the fi l ter .  Confirmation and f u r t h e r  
c h a r a c t e r i z a t i o n  OP t h i s  film was t h e  des i red  result. The b o  saaaples [Hw and 
Ha) were a f o l l w u p  t o  a sample which vas su tau i t ted  and ana lyzed  a t  an earlier 
date. T h i s  report a t t e m p t s  t o  summarize the results of t h e  a n a l y s e s  periormed. 

The two t e c h n i q u e s  used for t h e  aM1ysl.s of t he  samples  were Secondary I o n  Mass 
Spectrcmetry (SIHS] and I o n  S c a t t e r i n g  Spectrcmetry (ISS). Both of these 
techniques are surfaca a n a l y s i s  techniques. 
which i n f o r m a t i o n  is o b t a i n e d  u t i l i z i n g  these teohniques  v a r i e s  depending o n  ,the 
sample m a t r i x  but is g e n e r a l l y  quoted t o  be about  100 1 far SIB and about  3 A 
for ISS. Both t eahniques  u t i l i z e  a n  inert gas F i r n a r y  i o n  bean! with energles i n  
t h e  1-5 keV range. 
t o  a n a l y z e  the mass of charged atanic and molecular particles s p u t t e r e d  iran the 
sample swfaoe. The ISS t echnique  measures t h e  k i n e t i c  enerw of t h e  
b a c k s c a t t e r e d  inert gas p r i m a r y  i o n s  using a c y l i n d r i c a l  m i r r o r  ana lyzer .  The 
energy loss suffered t h e  primary i o n s  a n  be related t o  t h e  elemental 
composi t ion of the surface through the a p p l i c a t i o n  of t h e  l a s  of c o n s e r v a t i o n  
of m e n t u m  and c o n s e r v a t i o n  of energy. A k n w l e d g e  of inst r r rmental  parameters 
al lcvs  c h a r a c t e r i s t i c  energy ratios (measured kinet ic  e n e r g y / i n i t i d l  p r i m a r y  i o n  
beam kinetic energy) far each element  t o  be calculated far i n d i v i d u a l  i n e r t  gas 
ions.  A measurement of t h e  pl.intary i o n  beam energy d i s t r i b u t i o n  after a 
c o l l i s i o n  wi th  t h e  surface ol" i n t e r e s t  y i e l d s  a q u a l i t a t i v e  e lementa l  a n a l y s i s  
of the surface. 

The d e p t h  i n t o  the sample fran 

The SIlls t e c h n i q u e s  u t i l i z e s  a quadrupole  mass spectraneter 

The a n a l y s i s  of t he  first sample was inconclus ive .  The data obta ined  on  this 
sarnple mapared t h e  underside of the  sample ( c l e a n )  t o  t h e  tops ide  which was 
t h e  h e a v i l y  contaminated side. 
conta ined  as attauhaeats 1 and 2. The p o s i t i v e  i o n  SIN3 data indicates tha t  b o t h  
sides of the sanple were contaminated v f t h  organics as i n d i c a t e d  by the clusters 
of peaks (65-73,77-85, and 89-97) separated by 12 m u .  This is  confiwed by t h e  
presence of a small carbon peak a t  Efiw0.29 i n  t h e  ISS. This contaminat ion  
layer is thick enough to  all but  prevent  the d e t e c t i o n  of i r o n  and chrcmirm 
(E/Eo=0.75), t he  maor components of t h e  f i l ter  material. Although the level of 
contaminat ion  differed frcm t o p s i d e  and unders ide ,  i t  appears t h a t  both s ides  
had a s i g n i f i c a n t  amount of organic contaminat ion.  
samples r e c e i v e d  had a s i g n i f i c a n t l y  d i f f e r e n t  appearance?. A comparison of t h e  
p o s i t i v e  i o n  S I B  spectra of the first sample (at tachment  1)  and t h e  seoond set  
of samples  (a t tachment  3) r e v e a l  that the o r ~ n l c  contaminat ion  p r e s e n t  on t h e  
first sample is a b s e n t  on the  second set of samples. The nqjor peaks seen  in 
t he  spectra of the second set M samples correspond t o  chrauim (m/e=52) and 
i r o n  (m/e=56). Table 1 g i v e s  a comparison of the ra t ios  of the  v a r i o u s  e lements  
detected on  the surface of the sample. To o b t a i n  the numbers shcwn i n  T a b l e  1 

The SI= and t h e  ISS spectra obtained are 

The second set of f i l t e r  
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D. 0. Campbell 
Page 2 
January 20, 1987 

Table  1 .  Canparison of e lemental  ra t ios  (S1t-S;) 

M / C r  

M H S J  HSD 

Na 
A l  
S i  
Fe 

0.25 
0.26 
0.98 
0.40 

0.65 
0.20 
0.17 
0.22 

t h e  area of t h e  v a r i o u s  metal peaks was r a t i o e d  t o  t h a t  of chranium i n  an  
at tempt  t o  account for  ma t r ix  e f f e c t s .  If t h e  chranium surface c o n c e n t r a t i o n  
v a r i e s  s i g n i f i c a n t l y  from HSD t o  HSU t h e  meaning of these  numbers becomes 
ques t ionab le .  It i s  assuaed t h a t  t h e  actual surface concen t r a t ion  of chromiun 
is rernaining c o n s t a n t  and aqq v a r i a t i o n  i n  t h e  chranium signal I s  t h e  result 
of matr ix  e f f e c t s  and/or contamination. The numbers i n  Table 1 seem t o  i n d i c a t e  
a n  enrichment w a c c m u l a t i o n  of s i l i c o n  o r  a s i l i c o n  con ta in ing  compound on 
t h e  HSU s ide .  There also appea r s  t o  be a s l i g h t  enrichment of i ron.  Attachment 
4 is  a scale expansion of t h e  s p e c t r a  contained i n  attachment 3 ,  one n o t i c a b l e  
d i f f e r e n c e  is t h e  presence of a peak a t  m/e=72 on t h e  HSU sample which i s  a l l  
but absen t  on t h e  H S I  sample. 
molecular c l u s t e r  ion. T a b l e  2 i s  a comparison of c l u s t e r  i o n  i n t e n s i t i e s  f o r  
t h e  two samples. The d a t a  contained i n  Table  2 f u r t h e r  i n d i c a t e  t h a t  an o x i d i c  

The peak a t  d e - 7 2  is  probably due t o  a PeO* 

Table  2 .  Canparison of c l u s t e r  i o n  i n t e n s i t i e s  

M/Cr 

M HSU H .m 
C r  0 
FeO 

7.2-03 
2.0-02 

9.1-03 
4.7e-03 

i r o n  compound m a y  be being depos i t ed  on  t h e  surface of t h e  HSU sample. It is  
a l s o  j u s t i f i c a t i o n  for r e f e r e n c i n g  peak areas t o  t h e  a b s o l u t e  area of t h e  
c h r a n i m  peak. There is very l i t t l e  change in t h e  C r O / C r  r a t io  between t h e  
HSJ and t h e  HSD sample. 

A similar type of a r a l y s i s  can be c a r r i e d  out  u t i l i z i n g  t h e  peak areas generated 
f r a n  t h e  ISS s p e c t r a  contained as at tachment  5. The spectra obtained have peaks 
which shcu t h e  presence of carbon (E/Eo=0.295), oxygen (E/Eo=O.410), sodium 
(E/Eo--0.540), s i l i c o n  ( ~ / ~ 0 : 0 . 6 0 7 ) ,  and i r o n / c h r a n i m  (E/E0=0.780). Table 3 
s h w  t h e  results of t h e  a n a l y s i s .  The major concen t r a t ion  d i f f e r e n c e  seen  i s  
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D. 0. Campbell 
page 3 
January 20, 1987 

Table 3. Canparison of elemental  ra t ios  (ISS) 

M / C r  

M H S J  HSD 

C 
0 
la 
si 

0.09 
0.37 
0.10 
0.23 

0.15 
0.34 
0.1 1 
0.1 1 

once aga in  t h e  enrichment of s i l i c o n  on t h e  H S J  surface. 
enrichment determined u t i l i z i n g  t h e  two t echn iques  is  s i g n i f i c a n t l y  d i f f e r e n t  
(SIW=5.8,ISSr2.1) but  can be exp la ined  by r e a l i z i n g  t h a t  t h e  sampling depth 
of t h e  S I B  technique i s  s i g n i f i c a n t l y  greater than  t h a t  Or t h e  ISS technique. 

I n  conclusion,  a comparison of the HSU and H S D  samples r e v e a l  t h a t  t h e r e  
appea r s  t o  be a enrichment ( d e p o s i t i o n )  of  s i l i o o n  or scme type of s i l i c o n  
compound on t h e  surface of t h e  HSJ sample. I n  a d d i t i o n  t h e r e  i s  good evidence 
for  t h e  d e p o s i t i o n  of an  o x i d i c  i r o n  compound on t h e  HSJ surface. The ISS/SIMS 
d a t a  alone is  no t  s u f f i c i e n t  t o  determine i f  e i t h e r  of t h e  d i f f e r e n c e s  d i scussed  
is r e s p o n s i b l e  for t h e  permature failure of t h e  filters. 

The magnitude of 

yJJ* 
D. S. Zingg, K-1004-B, Ns 449 (6-4517) - NoRC - 
D. S. Zingg, K-1004-B, Ns 449 (6-4517) - NoRC 
cc: J. H. S t ewar t  Jr., 4500-S, Ms 140, ORNL 

R. W. Morrow 
L. W. Mdahon 
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MARTIN MARtCTfA ENERGY S'fSTCMS. INC 

Internal Correspondence 

D .  0 .  Campbell 

_. Request No. 91035 

Using gas chromatograph/mass spec t romet ry ,  the sample i d e n t i f i e d  as 4NTU 
chromatographed as  one l a r g e  peak a t  a r e t e n t i o n  time of 33.3 minutes on 
JhW DE-5 c a p i l l a r y  column (non-po la r )  with a primary mass o f  1 2 9 .  (There 
were a l s o  s e v e r a l  minor peaks shown on the t o t a l  i on  chromatogram on pp. 
5 - 1 5 ) .  Th i s  mass is  c h a r a c t e r i s t i c  af  an  oxygenated compound such as  an 
e s t e r .  The chromatogram of  t he  second sample,  71NTU showed peaks a t  2 9 . 6 ,  
32.3, 3 5 . 6 ,  3 8 . 1 ,  4 0 . 7 ,  and 44.5 minutes as w e l l  as many minor peaks.  T h e  
primary mass f o r  each o f  t h e s e  peaks w a s  5 9 ,  which i s  also c h a r a c t e r i s t i c  of  
an oxygenated compound, such as a l c o h o l .  

Typical  mass s p e c t r a  f o r  t hese  s p e c i e s  a r e  shown i n  ateached figures (Figure 
1, primary mass of  1 2 9 ;  Figure 2 ,  primary mass of 5 9 ) .  Reversed Phase 
Liquid chromatography showed a major peak a t  - 2  minutes f o r  each o f  rhese 
e x t r a c t s .  ( E l u t i n g  s o l u t i o n  was 658 methanol i n  w a t e r . )  This i nd icaces  a 
€ a i r l y  p o l a r  species. 

.JEC:SKH:ldg 

Attachments 

John E .  Caton 
Group Leader 
Organic Analysis Group 
Organic Chemiscry Sec t ion  
Ana ly t i ca l  Chemistry Division 



December 30. 1986 

John E .  Catan, 4500S, MS 120 

T w o  of the three existing aqueous Three Mile Island samples, viz. 
70 and 4 NTU, were prepared as we discussed this morning. 

Briefly, 1.75 mL isopropanol were added to 10 mL of either 
aqueous sample, which was processed as received (viz., AO pH 
adjustment, filtration, etc.). This solution wa5 then passed 
through an OCTADECYL SPE column which had been conditioned with 
methanol and 15% vol/vol isopropanol/water, in that order. The 
sorbed  organics (if any) were eluted with four 500 uL aliquots of 
acetonitrile, which were concentrated to a final volume of 300 UL 
using dry, flowing nitrogen. 

In both cases, a thin brown ring (heavier f o r  70 NTU, almost 
nonexistent for 4 N T U ,  as expected) appeared just under the frit 
of the SPE column, indicating that particles were removed 
effectively from the sample. These particles were modestly 
radioactive (ca. 100 mrad/hr bata/gamma radioactivity), yet they 
apparently did not enter the final acetonitrile solution. The 
latter exhibited AO beta/gamma radiation exceeding background. 

Bruce A .  Tomkins, 2026, MS 043, 6-6692 
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TOTAL-ION CHROMATOGRAM OF 4-NTU WATER SAMPLE 
(CONTINUED) 

1 

I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

V N  I 
I 
I 
I 

12 13 l b  I 

d 

liia 
na 

* .  
m n  

T t m n  4mln.) 



89 

TOTAL-ION CHROMATOGRAM OF 4-NTU WATER SAMPLE 
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TOTAL-ION CHROMATOGRAM OF 70-NT WATER SAMPLE 
(CONTINUED) 
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TOTAL-ION CHROMATOGRAM O f  ’IO-NTU WATER SAMPLE 
(CONTINUED) 
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Appendix C. PARTICLE CHARACTERIZATION DATA FOR SAMPLE W1 
(TURBIDITY = -71 NTU): FILTRATION TEST 1 

Figure  Page 

C.1 Nuclepore f i l t e r  test 1 with  71-NTU water sample W1, 
10-urn f i l t e r .  . . . . . . . . . . . . . . . . . . . . . . .  97 

C.2 Nuclepore f i l t e r  test 1 with  71-NTU water sample W1, 
10-um f i l t e r .  . . . . . . . . . . . . . . . . . . . . . . .  98 

C.3 Nuclepore f i l t e r  test 1 with 71-NTU water sample Wl, 
2-urn f i l t e r  . . . . . . . . . . . . . . . . . . . . . . . .  99 

C.4 Nuclepore f i l t e r  test 1 with  71-NTU water sample W1, 
2-urn f i l t e r  . . . . . . . . . . . . . . . . . . . . . . . .  100 

6 . 5  Nuclepore f i l t e r  test 1 with  71-NTU water sample  W1, 
1-um f i l t e r  . . . . . . . . . . . . . . . . . . . . . . . .  101 

C.6 Nuclepore f i l t e r  test  1 with  71-NTU water sample W1, 
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C.7 Nuclepore f i l t e r  test 1 with  71-NTU water sample W1, 
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0.1-urn f i l t e r  . . . . . . . . . . . . . . . . . . . . . . .  105 
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C.ll Nuclepore f i l t e r  test 1 wi th  71-NTU w a t e r  sample W1, 
0 . 4 - u m f i l t e r  . . . . . . . . . . . . . . . . . . . . . . .  106 
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C . 1 9  Nuclepore f i l t e r  test 1 with 71-NTU water sample W1, 
0.4-vm f i l t e r .  . . . . . . . . . . . . . . e . . . . 110 



9
7
 

0
 

E-r 
0
 

X
 

P
I 

5 0 

Q
) 

r
l 
n
 

m
 

9 



98 

I-. m
 I 

r- m 
m

 
0
 

0
 

E+ 0
 

X
 

P
i 

2 0 



99 

W
 

(u
 

U
 

t.l 
(u

 
u

 
4

 
d

 
W

 

aJ I4 0 
a
 

aJ 4 I N
 



100 

h
 

0
0
 

I 
0
0
 

m
 

m
 

Q
 

0
 

E-4 
0
 

z
 

P
I 

z 0
 



OWL PHOTO 0399-87 

Fig. C . 5 .  Nuclepore f i l t e r  tes t  1 with  7i-NTU water sample W1, 
1-Dm f i l t e r .  
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Fig. C.10 .  Nuclepore f i l t e r  t e s t  1 wLth 71-NTU water sample W1, 
0.4- l~m f i l t e r .  

Fig.  C . l l .  Nuclepore f i l t e r  test  1 with 71-NTU water sample WI, 
0.4-pm f i l t e r .  
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OEWL-DWG 87-13711 

8.000 
1m 

VFS = IC324 28.480 

RESIDUE FROM TMI ON 8 . 4  MICRON FILTER. 

Fig. C.12. EDX of area of 4368 ( s e e  Fig. C . 1 1 ) .  

OWL-DWG 87-13712 

8.- vfs = 2048 20.480 
100 lC324chnns 10mT R f =  0sec 8.820keV 

Fig. C.13. EDX of part ic le  No. I ,  4368 (see Fig. C . 1 1 ) .  
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8.08 L F S  = 2c3rE8 2'8.480 
1 8  WSIDUE FROM T M I  ON e3.4 MICRON FILTER. 

Fig. C.14. EDX o f  part i c l e  No. 2 ,  4358 ( s e e  Fig. C.11). 

ORNL-DWG 87-13714 

0.880 VFS = 1824 20.488 
1BQ1 PESTDUE FROM T M I  ON 8 . 4  MICRON FILTER. 

Fig. C.15. EDX of p a r t i c l e  No. 3 ,  4368 ( s e e  F i g .  C.l.1). 
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ORNL-DWG 87-13715 

0.- 
100 

vF5 = 256 20.480 
R E S I D E  F U W  TMI at4 0 . 4  M I C R O N  FILTER. 

Fig. C.16. EDX o f  p a r t i c l e  No. 4,  4368 (see Fig. C.11). 

ORNL-DWG 87-13716 

0.000 VF5 = 1824 20.480 
1 0@ RESIDUE FROM TMI ON 0 . 4  M I C W  FILTER. 

Fig.  C.17. EDX of p a r t i c l e  No. 5 ,  4368 (see Fig.  C.11). 
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F i g .  C.18. Nudepore f i l t e r  tes t  1 wi th  71-NTU water sample W1, 
0.4-um f i l t e r ,  

Fig. C.19. Nuclepore f i l t e r  test 1 with 71-NTU water sample W1, 
0.4-pm f i l t e r .  
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AppenruX D. PAKT'ICL& CHARUXEUZATXQH DATA FOR SAMPLE W1 
(TURBIDITY = -71 NTU): FILTRATION TEST 2 
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Fig. D.1. Nuclepore f i l t e r  test  2 w i t h  71-NTU water sample W1, 10-r.cm f i l t e r .  
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Pig. D.13. Nuclepore f i l t e r  teat 2 with 71-NTU water sample W1, diluted 2-urn f i l t e r .  
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Fig. D.18. Nuclepore f i l t e r  t e s t  2 w i t h  71-NTU water sample W l ,  
0.8-pm f i l t e r .  

ORNL-DWG 87-13755 

l@@ RESIDUE FROM TMI HATER. G3.8 MICRON FILTER. 

Fig .  D . 1 9 .  EDX of part i c l e  c lus te r ,  4387 (see F ig .  D.1.8).  
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F i g .  D.20. N u c l e p o r e  f i l ter  test 2 w i t h  71-NTU w a t e r  sample W1, 
0.8-pm f i l ter .  

O W - D W G  87-13756 

Fig. D.21. EDX of “fish-egg” particle near center, 4 3 8 8  ( s e e  
Fig. D.20). 
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RESIDUE FROM TMI  WATER. 

Fig .  D.23. EDX of b r i g h t  p a r t i c l e  

13.8 MICRON FILTER. 

near center, 4389 (see Pig. 13.22). 
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Fig. D.24. Nuclepore f i l ter  test 2 w i t h  71-NTU water sample W 1 ,  
0.8-pm f i l t e r .  

Fig. D.25. EDX of bright c luster  near center ,  4390 (see Fig. D.24) .  
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Fig. D.26. Nuckpore filter test 2 with 71-NW W a t e r  sample Wb, 
Q.6-pm filter. 
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Fig.  D.28. Wuclepore filter test 2 with 71-NTU water sample W1, 
0.6-urn f i l t e r .  

O W - D W G  87-13760 

E 3 . 0 0 0  VFS = 8192 20 4&a 

100 RESIDUE FROM T M I  NFiTER. 0.6 MICFWN F I L T E R .  

Fig. D.29. EDX of part i c l e  No. 1, 4391 ( see  Fig .  D.28). 
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ORNL-DKJG 8 7 - 1 3 7 6 1  

0. VFS = 2848 28.488 
I RESIDUE FROM T M I  WATER. 0.6 MICRON FILTER. 

F i g .  D.30. EDX o f  p a r t i c l e  No. 2, 4391 ( see  F i g .  D . 2 8 ) .  

ORNE-DWG 87-13762  
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F i g .  D.31. EDX of p a r t i c l e  No. 3 ,  4 3 3 1  ( s e e  F i g .  D.28). 



139 

......... ........ 

........ ~ ........ 

... 

- 
........ ~ ....... 

............... 

OWL-DWG 87-13763 

RESIDLE FROM TMI WHTER . 8.6 M1C:RON FILTER 

Fig. D.32. EDX of particle  No. 4 ,  4391 (see  Fig. D.28). 
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Fig. D.33. Nuclepore f i l t e r  test 2 with  71-NTU water sample W1, 
0.4-PILI f i l ter .  

OIZNL-DWG 87-13764 

0. 888 CL-17 VFS = 2848 a3.488 

1 88 RESIDUE FROM T M I  WHTEH. G3.4 MICRON FILTER. 

Fig. D.34. EDX o f  area of 4394 ( s e e  Fig. D.33). 
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Fig. D.35. Nuclepore f i l t e r  test 2 with 71-NTU water sample W1, 
0.4-pm f i l t er .  

VFS = si92 2G3.48QI 

RESIDUE FROM T M I  WTEf?, Q .  4 ElICRC*4 FILTER. 

Fig. D.36. EDX of white  particle near center, 4395 (see F i g .  D.35). 
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Fig. D.37. Nuclepore filter test 2 w i t h  71-NTU water sample WL, 
0.4-pm filter. 

Fig. D.38. 
0.4-pm filter, BEP. 

Nuclepore filter teat 2 with 71-NTU water sample Wl, 



143  

Fig. D.39. Nuclepore f i l ter  test 2 with 71-NTU water sample W1, 
0.1-vrn fi lter.  

F i g .  D.40. Nuclepore f i l ter  test 2 with 71-NTTJ water sample W1, 
0.1-pm f i l ter ,  BEI. 
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O W - D W G  87-13766 

a. 888 
180 RES I DUE 

Fig. D.41. 

VFS = 4896 28.488 
FROM TMI HATER. 8 . 1  MICRON FILTER.  

EDX o f  particle No.  1, 4398 (see  Fig. D.39). 

RESIWE FROM TMZ: WRTER. 8.1  MICRON FILTER 

Fig. D.42. EDX of particle No. 2a, 4388 (see Fig. D.39). 
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Fig. D.44. EDX of particle No.  3 ,  4398 (see Fig. D.39) .  
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O W L  PHOTO 0431-87 

Fig. E.13. Nuclepore f i l t e r  test 3 w i t h  ZZ’NXU water sample W2, 
2-urn f i l t e r .  



Pig. E.14. Nuclepore f i l t e r  t e s t  3 with 22-NTU water sample W2, 
1-urn f i l t e r .  

Fig. E . 1 5 .  Nuclepore f i l t e r  test 3 wlth 22-NTU water sample W2, 
1-pin f i l t e r ,  B E I .  
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O m - D W G  87-14041 

F i g .  E.16. EDX of part ic le  A ,  4399 (see  Fig. E.15). 

ORNL-DWG 87-14042 

Fig. E.17. EDX of part ic le  B ,  4399 ( s e e  F i g .  E.15). 
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ORNE-DWG 8 7- 1404 3 

8 .80@ VFS = 4896 20.48@ 

188 RESIDUE FROM TMP WATER. i . O  MICRON FILTER. 

Fig. E.18. EDX o f  par t i c l e  C, 4399 ( s e e  Fig. E.15). 

O m - D W G  87-14044 

0. 000 V F 5  14384 20.480 

108 RESXDIJE FROM T M I  WHTER. i . O  MICRON FILTER. 

Fig. E.19. EDX of particle D, 4399 ( s e e  Fig. E.15). 
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Fig. E.20. Nuclepore f i l t e r  test 3 with 22-NTU water sample W2, 
1-urn f i l t e r .  

Fig. E.21. Nuclepore f i l t e r  t e a t  3 with 22-NTU water sample W 2 ,  
1-urn f i l t e r ,  3 E I .  
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O W - D W G  87-14045 

VFS = 16334 28.488 
RESIDUE FROM T M I  WATER. 1 . 8  MICRON FILTER. 

Fig. E.22. EDX of part ic le  E ,  4 3 9 9  ( s e e  Fig. E.15) .  

OXNJ.,-DWG 87-14046 

Fig. E.23. EDX o €  part i c l e  P ,  4 4 0 2  ( s e e  Fig. E.20). 
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ORNL-DWG 87-14047 

8.000 
100 

. .  

......... L- ..... 

......... i ..-.. 

.............. 
I 
! ............. 
. .  . .  
! i  . .  1 ........... 

........... 

. .  . .  . .  ......... . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  
. . I  . . .  . . .  . . .  . . . .  . . . .  

WS = 1824 20.480 
RESIDUE FROM TMI WATER. 1.0 MICRON FILTER. 

Fig. E.24. EDX of particle G, 4399 (see Fig. E.20). 

ORNL-DWG 87-14048 

0.000 
100 

c- 
3 

....... I 

VFS = 512 20.488 
RESIw-fE FROM aMI WTEF?. 6.8 MICRON FILTER. 

Fig. E.25. EDX of particle 8, 4399 (see Fig. E.20). 
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Fig. E.27. 
8.8-pm filter, BEI. 

Nuelepore filter test 3 wtth 22-NTU water sample W2, 
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O W - D W G  87-14049 

F i g .  E.28. EDX of area of 4411 (see  Fig. E.27). 

ORNL-DWG 87-14050 

Q ,088 '*iFs = 2@.4a@ 

188 HESICiUE FRiTH.1 TMI L4FiTEP. 0 8 MICPObl F ILTEP.  

Fig. E.29. EDX of particle A ,  4411 (see F i g .  E.27). 
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OIDK-DWG 97-14051 

Fig. E.30. EDX of p a r t i c l e  R ,  4411 ( s e e  F i g .  E.27) .  

ORNL-DWG 87-14052 
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; A  2 ......... L.. .. R. ..... 

8 .  81a8 
I88 FESICUE FFi:,t*l TI 1 1  I-IATEF 8 :3 I1ISF~:~t 1 FILTEF 

F i g .  E . 3 1 .  EDX of p a r t i c l e  C ,  4411 ( s e e  F i g .  E . 2 7 ) .  
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ORNL-DWG 87-14053 

8.0Irn 
1 0e RESICUE FROM TMI WHTEH. 0.8 

VFS = 40% 20.48@ 

Fig. E.32. EDX of particle D ,  

riIcPcw FILTER 

4411 (see F i g .  E.27). 

ORNL-DWG-87-14054 

O . m  VFS = 8192 z@.48@ 

Irzrz3 RESICUE FROM T M I  1.4HTER. 8 .8  MICRON FILTER 

F i g .  E.33. EDX of particle E, 4411 ( s e e  Fig. E.27). 
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Fig .  E.34.  Nuclepore f i l t e r  test 3 w i t h  22-NTU water sample W2, 
0.8-um f i l t e r .  

Fig.  E.35. 
0.8-um f i l t e r ,  BEI.  

Nuclepore f i l t e r  test 3 w i t h  22-NTU water sample W2, 
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O W - D W G  87-14055 

I3 .Lrn VFS = 2W8 28.458 
188 RESIDUE FROM -rm WATER. 8.8 MICRON FILTER. 

Fig. E.36. EDX of particle F, 4411 (see Fig. E.27). 

O W - D W G  87-14056 

0.000 
100 

VFS = 1B24 28.480 
RESIDUE FROM T M I  WTER 0 8 MICRON F I L T E R .  

of particle G ,  4413 (see Fig. E.34). 
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188 F:ESI[I:LIE 

Fig. E . 3 8 .  
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Fig. E.39.  EDX o f  particle I, 4 4 1 3  ( s e e  Pig. E . 3 4 ) .  



Fig. E.40, Nuclepore f i l t e r  test  3 with 22-NTU water sample W 2 ,  
0.6-um f i l t e r .  

F i g .  E.41. 
0.6-w f i l t e r ,  BEI. 

Nuclepore fi lter test: 3 with 22-NTU water sample W2, 
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Fig. E.42. Nuclepore f i l t e r  test 3 w i t h  22-NTU water sample W2, 
0.6-pm f i l t e r .  

Fig. E.43. 
O.6-pm f i l t e r ,  BEP. 

Nuclepore f i l t e r  t es t  3 w i t h  22-NTU w a t e r  sample W2, 
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Fig. E.44. EDX of area of 4415 (see Fig. E.41). 



182 

ORNL-DWG 87-14061 

0 808 ‘v’FS = 4096 ..XI 480 

1138 FESIDUE FF’IY.1 TI41 l43TEF 0 5 t’1Il~F’~:Jt~J FILTER 

Fig .  E.46. EDX o f  particle S ,  4418 ( s e e  Fig. E.43) .  
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ORNL-DWG 87-14063 

@tam 'v'FS = 16384 263 480 
10Ja RESIC- FROM TMI WATER 63 6 MICRC*J FILTER 

Fig. E.48. EDX of particle D,  4418 (see Fig. E.43). 

ORNL-DWG 87-14064 

RESICUE FROM TMI  WATER. 8.6 P1ICROI.J FILTER.  

Pig. E.49. EDX o f  particle E, 4418 (see F i g .  E.43). 
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8 888 

188 

"Fs = 4056 20 4-30 

PESICL.lE FPiV.1 TMI IWTEP 0 6 PIICP:~t..1 FILTER 

Fig. E.50. EDX of part ic le  F, 4418 (see Fig. E . 4 3 ) .  
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o m - D W G  87-14067 

6?I.G3m VFS = 4896 2@.4@c3 

d 00 RESIKAJE FROM TNI. blRTER 8.6 MICROP4 FILTER 

Fig. E.52. EDX of particle  H, 4418 (see Fig. E.43) .  

O m - D W G  87-14068 

8 ma B- 5 VFS = 2848 20 480 

1@8 RESIDUE FROM T M I  WATER 8 6 M1CPOf.I FILTER 

Fig. E.53, EDX of particle I, 4418 (see Fig. E.43). 
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OWL-DWG 87-14069 

............................. 

iz j 
L :  : .................................. 

\ 

L 

FESIC’I-IE FW:II..~ Tt.11 L4ATEF’ 8 6 t,lICRt:+J FILTEF’ 

Fig. E.54. EDX of particle J, 4418 ( s e e  Fig. E.43). 

ORNL-DWG 87-14070 
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Fig. E.56. EDX of particle M, 4417 (see Fig. E.42). 
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Fig. E.57. Nuelepme filter test 3 with 22-NTU water sample W2, 
0.4-pm filter. 

Fig. E.58. 
0.4-prn filter, B E I .  

Nuclepore f i l t e r  t e s t  3 with 22-NTU water sample W2, 



F i g .  E.59. ‘Nuclepore filter test  3 with  22-NTU water sample W2, 
0.4-pm f i l ter .  

Fig. E.60. 
QB4-pm fi l ter ,  BET. 

Nuclepose f i l t e r  te5t 3 with 22-NTU water sample W2, 
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ORNL-DWG 87-14072 
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Fig. E.61. EDX o f  area scan of 4587 ( s e e  Fig. E.59). 

ORNL-DWG 87-14073 

Q on0 
1 z'Li7 TI11 22 t.lTi-1 LJHTEF' FILTEF'.  118 1 I I I ~ ~ F ~ ~ ~ f l  

Fig. E.62. EDX of part ic le  1, 4587 (see  Fig. E.59). 
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ORNL-DWG 87-14874 
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Fig- E - 6 3 .  EDX of particle 2, 4587 (see Fig. E159). 
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5- ...L ... 

1 a3 T t l I  22 FlTU L4HTEF' FILTEP. 111 4 I l I C F ' l l l t I  

Fig. E . 6 4 -  EDX of part i c l e  3, 4587 ( s e e  Fig. E.59). 
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ONE-DWG 87-14076 

O W - D W G  87-14077 

Fig. E.66. EDX of p a r t i c l e  5, 4587 ( see  Fig. E.59) .  
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ORNL-DWG 87-14078 
. .  

; ; SEE 
, .  . .  : :  
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: . .  , .  - .......................... _ _  ......... =. j : : .  . .  

TMI 22 PJTlJ 1-JATkF: FILTER .- 0 4 t”lICPCSbJ 

Fig. E.67. EDX of particle 6 ,  4587 (see Fig. E.59).  

ORNL-DWG 87-14079 

Fig. E.68. EDX of particle 7, 4587 (see Fig. E.59). 
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ORNL-DWG 87-14080 

O m - D W G  87-14081 

Fig .  E.70. EIIX of  particle 9, 4 5 8 7  ( s e e  Fige E.59).  
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OWL-DWG $7-14082 

VFS = 2048 20.480 
Tt.11 2.2 NTU WATEP FILTER. 0 4 MICRON 

Fig. E.71. EDX of particle 10, 4587 (see Fig. E.59). 



196 

Fig. E.72. Nuclepore f i l ter  test 3 with 22-NTU water sample W2, 
0.l-pm filter. 

Pig. E.73. Nucllepare filter t e s t  3 with 22-NTU water 6 
0.1-urn filter, BEP. 
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ORNL-DWG 87-14 

8. a@@ VFS = 1824 28.480 
1 2@ TMI 22 bJTU WATER FILTER, 0 . 1  MICRON. 

Fig. E.74. EDX of area of 4591 (see Fig. E.72). 

O m - D W G  87-14084 

B @OD VFZ = 2048 28 488 
1 ZQ TMI 22 NTU WATEP FILTEP. ‘2 1 MICRQN 

Fig. E.75. EDX of particle 1, 4591 (see Fig. E.72). 



198 

ORNL-DWG 87-14085 

Fig. E.76. EDX of particle 2, 4591 (see Fig. E.72). 

O m - D W G  87-14086 

Fig. E.77. EDX of particle 3, 4591 (see Fig. E.72). 
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Fig. E.79.  EDX of particle 4 ,  4591 (see  F i g .  E.72). 
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ORNL-DWG 87-14088 

F i g .  E.80. EDX o f  p a r t i c l e  5,  4591 (see Fig. E.72). 

ORNL-DWG 87-14089 

i 

F i g .  E.81. EDX o f  particle  6 ,  4591 ( s e e  F i g .  E.72).  
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O W - D W G  87-14646 

Tt.11 22 rlTL.1 14fiTEF FXLTEP, CI 1 FlICPtI I t l  

F i g .  E.82. EDX of  particle 7 ,  4591 (see F i g .  E . 7 2 ) .  

O m - D W G  8 7 - 1 4 6 6 7  

TMI 22 NTlJ L.lfiTER FILTER 0. 1 MICRON 

Fig. E.83. EDX of  particle 8,  4591 (see F i g .  E.72). 
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OWL-DWG 87-14648 

TI11 .?2 PITI-l bIATEP FILTER. $1) 1 t ~ I I ~ ~ @ ~ J t l  

Fig. E . 8 4 .  EDX of par t ic le  9 ,  4591 ( s e e  Fig.  E.72). 
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OWL PHOTO 0442-87 

Fig. F , l I .  Nuclepore f i l t e r  test 4 ,  4-NTU water, 2-urn f i l t , e r .  
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